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a temperature below about I5°C to form protein 
micelles, which are settled to provide a protein 
micellar mass (PMM). The protein micellar mass 
is separated from supernatant and may be dried. 
The supernatant may be processed to recover 
additional oil seed protein isolate by concentrating 
the supernatant and then drying the concentrated 
supernatant, to produce a protein isolate having 
a protein content of at least about 90 wt%. The 
concentrated supernatant may be mixed in varying 
proportions with al least part of the PMM and the 
mixture dried to produce a protein isolate having 
a protein content of at least about 90 wt%. 
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TITLE OF INVENTION 
PRODUCTION OF GPL SFF.D PROTEIN ISOLATE 

REFERENCE TO RELATED APPLICATIONS 
[0001] This j^plication claims priority vinder 35 USC 119(e) from 

copending US Patent appUcation No. 60/288,415 ffled May 4, 2001, 60/326,987 
filed October 5, 2001, 60/331,066 filed November 7, 2001, 60/333,494 filed 

November 26, 2001 and filed . 

FTFT n OF THE INVENTION 
[0002] The present invention relates to improved methods for manufacturing 

oil seed protein isolate, particularly a canola protein isolate. 

BACKGROUND TO THE INVENTION 
[00031 In US Patent Nos. 5,844,086 and 6,005,076 ("Murray H"), assigned 

to the assignee hereof and flie disclosures of which are incorporated herein by 
reference, there is described a process for the isolation of protein isolates fix)m oil 
seed meal having a significant fat content, including canola oil seed meal having 
such content. The steps involved in this process include solubilizing proteinaceous 
material from oil seed meal, which also solubilizes fat in the meal, and removing fat 
from the resulting aqueous protein solution. The aqueous protein solution may be 
separated from the residual oil seed meal before or after the fat removal step. The 
defatted protein solution then is concentrated to increase the protein concentration 
while maintaining the ionic strength substantially constant, after which the 
concentrated protdn solution may be subjected to a fiirther fat removal step. The 
concentrated protein solution then is diluted to cause the formatirai of a cloud-like 
mass of highly associated protein molecules as discrete protein droplets m micellar 
form. The protein micelles are allowed to settle to form an aggregated, coalesced, 
dense, amorphous, sticky, gluten-like protein isolate mass, termed •'protdn micellar 
mass" or PMM, which is separated from the residual aqueous phase and dried. 
[0004] The protein isolate has a protein content (as detemiined by Kjeldahl 

Nx6.25) of at least about 90 wt%, is substantially undenatured (as determined by 
differential scanning calorimetry) and has a low residual fat content The term 
•*protein content" as used herein refers to the quantity of protein in the proteui isolate 
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expressed on a dry weight basis. The yield of protein isolate obtained using this 
procedure, in ternis of the proportion of protein extracted from the oil seed meal 
vMch is recovered as dried protein isolate was generally less than 40 wt%, typically 
aroimd 20 wt%. 

[0005] The procedure described in the aforementioned Murray II patait was 

developed as a modification to and inqjrovement on the procedure for focming a 
protein isolate from a variety of protein source mataials, including oil seeds, as 
described in US Patent No. 4^08,323 (Murray IB). The oil seed meals available in 
1980, when US Patent No. 4,208,323 issued, did not have the fat contamination 
levels of the canola oil seed meals available at the time of the Murray n patents, and, 
as a consequence, the procedure of US Patent No. 4,208,323 camiot produce from 
such oil seed meals processed according to the Murray n process, protemaceous 
materials which have more than 90 wt% protein content There is no description of 
any specific experiments in US Patent No. 4,208,303 carried out using rapeseed 
(canola) meal as tiie starting material. 

[0006] US Patent No. 4,208,323 itself was designed to be an improvement 

on the process described m US Patents Nos. 4,169,090 and 4,285,862 (Murray lA) 
by the introduction of a concentration step prior to dilution to form the PMM. The 
Murray lA patents describe one e3q)eriment involving rapeseed but provides no 
indication of the purity of the product The concentration step described in the 
Murray IB patent served to improve the yield of protein isolate fix)m around 20% for 
fbs Murray lA process. 

SUMMARV OF INVENTION 
[0007] It has now been found that it is possible to improve these prior art 

protein isolate processes as they apply to oil seeds, particularly canola, to obtain 
improved yields of dried protein isolate, in terms of the proportion of protein 
extracted from the oil seeds, of at least about 40 wt% and often much higher, at least 
about 80 wt%, and protein isolates of higher purity, at least about 100 wt% at a 
I^eldahl nitrogen conversion rate of Nx6.25. 
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[0008] It has further been found that a significant proportion of the canola 

protein extracted firom the meal in the process of Murray lA and IB and Murray n, as 
applied to canola meal, is lost as a result of discarding the supernatant from the 
PMM-formation step. A further improvement on the prior procedure is provided 
herein, which improves the overall yield of protein, wherein protein present in the 
supematant is recovered generally by a process of concentration to remove 
impurities and drying the concentrate. The product obtained fix)m the supernatant 
generally has a protein content (Nx6,25) of greater than 100% and is a novel canola 
protein isolate product. Such novel product provides a further aspect of the 
invention. 

[0009] As a fiirfher improvement on the prior procedure, the concentrated 

supematant may be mixed with the PMM and the mixture dried. Alternatively, a 
portion of the concentrated supematant may be mixed with at least a portion of the 
PMM and the resultmg mixture dried. The latter products are novel canola protein 
isolate products and constitute a fiirttier aspect of the invention. 
[0010] In accordance with one aspect of the present invention, there is 

provided a process of preparing a protein isolate, which comprises (a) extracting an 
oil seed meal at a temperature of at least about 5** and preferably up to about SS^'C to 
cause solubilization of protein in said oil seed meal and to form an aqueous protein 
solution having a protein content of about 5 to about 25 g/L and a pH of about 5 to 
about 6.8, (b) separating the aqueous protein solution firom residual oil seed meal, (c) 
increasing the protein concentration of said aqueous protein solution to at least about 
200 g/L while maintaining the ionic strength substantially constant by using a 
selective membrane technique to provide a concentrated protein solution, (d) 
diluting said concentrated protein solution into chilled water having a temperature of 
below about IS^'C to cause the formation of protein micelles; (e) settling the protein 
micelles to form an amorphous, sticky, gelatinous gluten-like protein micellar mass, 
and (f) recovering the protein micellar mass firom supematant having a protein 
content of at least about 100 wt% as determined by Kjeldahl nitrogen x6.25 on a dry 
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weight basis. The recovered protein miceUar mass may be dried. The protein isolate 
is substantiaUy undenatured (as detemiined by differential scanning calorimetry). 
[00111 The protein isolate product in the form of protein micellar mass is 

described herein as "gluten-like". This description is intended to indicate the 
appearance and feel of the isolate are similar to those of \dtal wheat gluten and is not 
intended to indicate chemical identity to gluten. 

[0012] hi one embodiment of this process, supernatant from the settling step 

is concentrated and the resulting concentrated supematant is dried to provide a 
protein isolate having a protein content of at least about 90 wt% (Nx 6.25) on a dry 
weight basis. Such protein isolate is a novel product and is provided in accordance 
with further aspect of the invention. 

[0013] hi another embodiment of this process, supematant from the setding 

step is concentrated, the resulting concentrated supematant is mixed with the protein 
micellar mass prior to drymg the same, and the resulting mixture is dried to provide 
a protein isolate having a protein content of at least about 90 wt% CNx 6.25) on a dry 
weight basis. Such protein isolate is a novel product and is provided m accordance 
with another aspect of the invention. 

[00141 hi a further embodiment of the invention, supematant from the 

resulting step is concentrated and a portion only of the resulting concentrated 
svq)ematant is mixed with at least a portion of Ihe protein micellar mass prior to 
drying the same to provide other novel protein isolates accordmg to the invention 
having a protem content of at least about 90 wt% (Nx 6.25) on a dry weight basis. 
[00151 A key step in the process of the present mvention and the abihty to 

obtain higher yields of protein isolate at purities of at least 100 wt% lhan previously 
attained is concentration of the protein solution to a protein content of at least about 
200 g/L, a much higher value than in the prior procedures described above. Another 
key step is the step of waimmg the concenfrated protem solution, as necessary, prior 
to dilution into chilled water at a dilution rate of less than 1:15, when protein 
micellar mass only is recovered. This specific combuiation of parameteis is not 
described in the prior art nor are the beneficial results of high protein yield and high 
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purity protein isolate described therein. An additional step in improving protein 
yield, particularly in the case of canola meal, is the recovery of additional quantities 
of protein from the supernatant from flie PMM formation and settling step, 
[0016] Iq accordance with another aspect of flie invention, there is provided 

a process for preparing a canola protein isolate of reduced pigmmtation, which 
comprises (a) extracting canola oil seed meal at a temperature of at least 5*^0 to 
cause solubilization of protein in said canola oil seed meal and to form an aqueous 
protein solution having a protein content of about 5 to about 25 g/L and a pH of 
about 5 to about 6.8; (b) separating the aqueous protein solution from residual 
canola oil seed meal; (c) subjecting the aqueous protein solution to a pigment 
removal step; (d) increasing the protein concentration of said aqueous protein 
solution to at least about 200 g/L while maintaining the ionic strength substantially 
constant by using a selective membrane technique to provide a concentrated protein 
solution; (e) diluting said concentrated protem solution into chilled water having a 
temperature below about 15*^0 to cause the formation of protein micelles; (f) settling 
the protein micelles to form an amorphous, sticky, gelatinoxis, gluten-Uke micellar 
mass; and (g) recovering the protein micellar mass from supernatant having a protein 
content of at least about 90 wt% as determined by Kjeldahl nitrogen x6.25 on a dry 
weight basis. 

100171 The protein isolate produced according to the process herein may be 

used in conventional applications of protein isolates, such as, protem fortification of 
processed foods, emulsification of oils, body formers hi baked goods and foaming 
agents in products which entrap gases. In addition, the protein isolate may be formed 
into protein fibers, useful in meat analogs, may be used as an egg white substitute or 
extender in food products where egg white is used as a binder. The canola protein 
isolate may be used as nutritional supplements. Other uses of the canola protein 
isolate are in pets foods, animal feed and in industrial and cosmetic ^phcations and 
in personal care products. 
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RRTEF DESCRIPTTON OF DRAWINGS 
[0018] Figure 1 is a schematic flow sheet of a procedure for producing an oil 

seed protein isolate as well as other products in accordance with one embodiment of 
the invention. 

fiFMRRAT. DESCRIPTTON OF INVENTION 
[0019] The initial step of the process of this invention involves solubilizing 

protemaceous material from oil seed meal, particularly canola meal, although the 
process may be appUed to other oil seed meals, such as soybean, traditional 
rapeseed, traditional flax, linola, sunflower and mustard oil seed meals. The 
invention is more particularly described herein with respect to canola seed meal. 
[0020] The proteinaceous material recovered from canola seed meal may be 

tiie protein naturally occurring in canola seed or other oil seed or the proteinaceous 
material may be a protein modified by genetic manipulation but possessing 
characteristic hydrophobic and polar properties of the natural proteiiL The canola 
meal may be any canola meal resulting from the removal of canola oil firom canola 
oil seed with varying levels of non-denatured protein, resulting, for example, from 
hot hexane extraction or cold oil extrusion methods. The removal of canola oil from 
canola oil seed usually is effected as a sqparate operation from the protein isolate 
recovery procedure of flie preset invention. 

[0021] Protein solubilization is effected most efificiemtiy by using a food 

grade salt solution since the presence of the salt enhances the removal of soluble 
protein from the oil seed meal. The food grade salt usually is sodium chloride, 
although other salts, such as, potassium chloride, maybe used. The food grade salt 
solution has an ionic strength of at least about 0.10, preferably at least about 0.15, to 
enable solubiUzation of significant quantities of protein to be effected. As the ionic 
strength of the salt solution increases, the degree of solubihzation of protein in the 
oil seed meal initially increases untU a maximum value is achieved. Any subsequent 
increase m ionic sti-ength does not inraease the total protein solubilized. The ionic 
strength of the food grade salt solution which causes maximum protein 
solubilization varies depending on the salt concerned and the oil seed meal chosen. 
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[0022] Jn view of the greater degree of dilution required for protein 

precipitation with increasing ionic strengths, it is usually preferred to utilize an ionic 
strength value less than about 0.8, and more preferably a value of about 0.15 to 
about 0.6. 

[0023] The salt solubilization of the protein is efifected at a t^perature of at 

least about 5°C, preferably up to about 35°C, preferably accompanied by agitation to 
decrease the solubilization time, which is usually about 10 to about 60 minutes. K is 
preferred to effect the solubilization to extract substantially the maximum amount of 
protein from the oil seed meal, so as to provide an overall high product yield. 
[0024] The lower temperature limit of about 5°C is chosen since 

solubilization is impractically slow below this temperature while the preferred upper 
temperature limit of about SS'C is chosen since the process becomes uneconomic at 
higher temperature levels in a batch mode. 

[0025] The aqueous food grade salt solution and the oil seed meal have a 

natural pH of about 5 to about 6.8 to enable the protein isolate to be formed by the 
micellar route, as described in more detail below. The optimum pH value for 
maximum yield of protein isolate varies depending on the oil seed meal chosen. 
[0026] At and close to the limits of the pH range, protein isolate formation 

occurs only partly through the micelle route and in lower yields than attainable 
elsewhere in the pH range. For these reasons, pH vahies of about 5.3 to about 6.2 
are preferred. 

[0027] The pH of the food grade salt solution may be adjusted 1» any desired 

value within the range of about 5 to about 6.8 for use in the extraction step by tiie 
vise of any convenient food grade acid, usually hydrochloric acid, or food grade 
alkah, usually sodium hydroxide, as required. 

[0028] The concentration of oil seed meal in fhe food grade salt solution 

during the solubiUzadon step may vary widely. Typical concentration values are 
about 5 to about 15% w/v. 
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[0029] The protein extraction step with the aqueous salt solution has the 

additional effect of solubilizing fats which may be present in the canola meal, which 
then results in the fats being present in the aqueous phase. 

[0030] The protein solution resulting from the extraction step generally has a 

protein concentration of about 5 to about 30 g/L, preferably about 10 to about 25 

g/L. 

[0031] The aqueous phase resulting from the extraction step then may be 

separated from the residual canola meal, in any convenient manner, such as by 
employing vacuum filtration, followed by centrifugation and/or filtration to remove 
residual meal. The separated residual meal may be dried for disposal. 
[0032] The colour of the final canola protein isolate can be improved in 

temis of light colour and less mtense yellow by the mixing of powdered activated 
carbon or other pigment adsorbing agent with the separated aqueous protein solution 
and subsequently removing the adsorbent, conveniently by filtration, to provide a 
protein solution. Diafiltration of the separated aqueous protein solution also may be 
used for pigment removal. 

[0033] Such pigment removal step may be carried out imder any convenient 

conditions, generally at the ambient temperature of the separated aqueous protein 
solution, employing any suitable pigment adsorbing agent. For powdered activated 
carbon, an amount of about 0.025% to about 5% w/v, preferably about 0.05% to 
about 2% w/v, is employed. 

[0034] Where the canola seed meal contains significant quantities of fat, as 

described in the Murray n patents, then flie defatting steps described therein may be 
effected on the separated aqueous protein solution and on the concentrated aqueous 
protein solution. When the colour improvement step is carried out, such step may be 
effected afl:er the first defatting step. 

[0035] As an alternative to extracting the oil seed meal with an aqueous 

food grade salt solution, such extraction may be made using water alone, although 
the utilization of water alone tends to extract less proteiu from the oil seed meal than 
the aqueous food grade salt solution. Where such alternative is employed, then the 
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food grade salt, in the concentrations discussed above, may be added to the protein 
solution afta- separation &om the residual oil seed meal in order to maintain the 
protein in solution during the concentration step described below. When a colour 
removal step and/or a first fat removal step is carried out, the food grade salt 
generally is added after completion of such operations. 

[0036] Another alternative procedure is to extract the oil seed meal with the 

food grade salt solution at a relatively high pH value about 6.8, generally up to about 
9.8. The pH of the food grade salt solution, may be adjusted in pH to the alkaline 
value by the use of any convenient food-grade alkali, such as aqueous sodium 
hydroxide solution. Where such alternative is enq>loyed, the aqueous phase 
resulting ftom the oil seed meal extraction step then is separated ftom the residual 
canola meal, in any convenient manner, such as by employing vacuum filtration, 
followed by caitrifugation and/or filtration to remove residvial meal. The separated 
residual meal maybe dried for disposal. 

[0037] The aqueous protein solution resulting firam the high pH extraction 

step then is pH adjusted to the range of about.5 to about 6.8, preferably about 5.3 to 
about 62, as discussed above, prior to further processing as discussed below. Such 
pH adjustment may be effected using any convenient food grade acid, such as 
hydrochloric acid. 

[0038] The aqueous protein solution then is concentrated to increase the 

protein concentration thereof while maintaining the ionic strength thereof 
substantially constant. Such concentration is effected to provide a concentrated 
protein solution having a protein concentration of at least about 200 g/L, preferably 
at least about 250 g/L. 

[0039] The concentration step may be effected by any convenient selective 

membrane technique, such as ultrafiltration or diafiltration, using membranes, such 
as hollow-fibre membranes or spiral-wound membranes, with a suitable molecular 
weight cut-oflt such as about 3000 to about 50,000 daltons, having regard to 
differing membrane materials and configurations. 
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[00401 The concentration step may be effected at any convenient 

temperature, generally about 20»C to about 60»C, and for the period of time to effect 
the desired degree of concentration. The temperature and other conditions used to 
some degree depend upon the membrane equipment used to effect the concentration 
and the desired protein concentration of the solutioiL 

[0041] The concentrating of the protein solution to a concentration above 

about 200 g/L in this step, significantly beyond levels previously contemplated and 
attained when employing the Murray I and Murray H processes, not only increases 
the process yield to levels above about 40 wt% in terms of the proportion of 
extracted protein which is recovered as dried protein isolate, preferably above about 
80 wt%, but also decreases the salt concentration of the final protein isolate after 
drying. The abiUty to control the salt concentration of the isolate is important in 
appHcations of the isolate where variations in salt concentrations affect the 
fimctional and sensory properties in a specific food application. 
[00421 As is well known, ultrafiltration and similar selective membrane 

techniques permit low molecular weight species to pass fherethrou^ while 
preventing higher molecular weight species &om so domg. The low molecular 
weight species include not only the ionic species of the food grade salt but also low 
molecular weight materials extracted &om the source material, such as, 
carbohydrates, peptides, pigments and anti-nutritional factors, as weU as any low 
molecular wei^t forais of the protein. The molecular weight cut-off of the 
membrane is usually chosen to ensure retention of a significant proportion of tiie 
protein in the solution, while permittmg contaminants to pass tiirough having regard 
to the different membrane materials and configurations. 

[00431 Depending on the temperature employed in the concentration step, 

the concenti^ted protein solution may be warmed to a temperature of at least about 
20»C, and up to about 60°C, preferably about 25»C to about 40°C, to decrease the 
viscosity of the concentrated protein solution to facihtate performance of the 
subsequent dilution step and micelle formation. The concentrated protein solution 
should not be heated beyond a tenq^eratiire above which the temperature of the 
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concentrated protein solution does not permit micelle formation on dilution by 
chilled water. The concentrated protein solution may be subject to a ftirther defatting 
operation, if required, as described in Murray II. 

[0044] The concentrated protein solution resulting firom the concentration 

step and optional defatting step then is diluted to effect micelle formation by adding 
the concentrated protem solution into a body of water having the volume required to 
achieve the degree of dilution desired. Depending on the proportion of canola 
protein desired to be obtained by the micelle route and the proportion from the 
supernatant, the degree of dilution of the concentrated protein solution may be 
varied. With higher dilution levels, in general, a greater proportion of the canola 
protein remains in the aqueous phase. 

[0045] When it is desired to provide the greatest proportion of the. protein by 

the micelle route, the concentrated protein solution is diluted by about 15 fold or 
less, preferably about 10 fold or less. 

[0046] The body of water into which the concentrated protein solution is fed 

has a temperature of less than about 15**C, generally about 3°C to about 15°C, 
preferably less than about 10*^0, since improved yields of protein isolate in the form 
of protein micellar mass are attained with these colder temperatures at the dilution 
factors used. 

[0047] The dilution of the concentrated protein solution and consequential 

decrease in ionic strength causes the formation of a cloud-like mass of higihly 
associated protein molecules in the form of discrete protein droplets in micellar 
form. The protein micelles are allowed to settle to form an aggregated, coalesced, 
dense, amorphous sticky gluten-like protein micellar mass. The setfling may be 
assisted, such as by centrifugation. Such induced settling decreases the Uquid content 
of the protein micellar mass, thereby decreasing the moisture content generally from 
about 70% by weight to about 95% by weight to a value of generally about 50% by 
weight to about 80% by weight of the total micellar mass. Decreasing the moisture 
content of the micellar mass in this way also decreases the occluded salt content of 
the micellar mass, and hence the salt content of dried isolate. 
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100481 The combination of process parameters of concentrating of the 

protein solution to a protein content of at least about 200 g/L and the use of a 
dilution factor less than about 15, result in higher yields, often significantly hi^er 
yields, in terms of recovery of protein in the form of protein micellar mass fiom the 
original meal extract, and much purer isolates in temis of protein content flian 
achieved using any of the prior art procedures (Murray lA, IB and 11) referred to 
above. 

[0049] The settled isolate, in the form of an amorphous, aggregated, sticky, 

gelatinous, gluten-like protein mass, termed ''protem micellar mass", or PMM, is 
separated fiom the residual aqueous phase or supernatant, such as by decantation of 
the residual aqueous phase fiom the setded mass or by centrifiigation. The PMM 
xnay be used in the wet form or may be dried, by any convenient technique, such as 
spray drying, freeze drying or vacuum drum drying, to a dry form. THedryPMM 
has a high protein content, in excess of about 100 wt-Zo protein (calculated as 
Kjeldahl NX6.25). and is substantially undenatured (as determined by differential 
scamiing calorimetry). The dry PMM isolated from fatty oil seed meal also has a low 
residual fat content, when the procedure of Murray H is employed, which may be 
below about 1 wt%. 

[00501 m accordance with one aspect of the invention, particularly as it is 

appUed to canola protein, it has now been found that the supernatant fiom the PMM 
formation and setthng step contains significant amounts of canola protein, not 
precipitated in the dilution step. It has not previously been proposed, in the Murray 
lA, IB and n patents, to attempt to recover additional protein fiom the supernatant 
and no observation is made in this prior art as to any potential protein content of the 
supernatant hi accordance with this aspect of the invention, steps are taken to 
recover the canola ptotem from the supernatant 

[00511 M such procedure, the supernatant from the dilution step, following 

removal of fiie PMM, may be concentred to increase the protein concentiration 
thereof Such concentration is effected using any convenient selective membrane 
technique, such as ultrafiltration, using membranes with a suitable molecular weight 
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cut-off pennitting low molecular weight species, including the food grade salt and 
other non-proteinaceous low molecular weight materials extracted from the source 
material, to pass through flie membrane, while retaining canola protein in the 
solution. Ultrafiltration membranes having a molecular weight cut-off of about 
3000 to 10,000 daltons having regard to diffaing membranes and configurations, 
may be used. Concentration of the supernatant in this way also reduces the volume 
of Uquid required to be dried to recover tiie protein, and hence tiie energy required 
for drying. The supernatant generally is concentrated to a protein content of about 
100 to 400 g/L, preferably about 200 to about 300 g^, prior to drying. 
[0052] The concentrated supernatant may be dried by any convenient 

technique, such as spray drying, fireeze drying or vacuum drum drying, to a dry form 
to provide a fiirther canola protein isolate. Such fiirthw canola protein isolate has a 
high protein content, usuaUy in excess of about 90 wt% protein (calculated as 
Kjeldahl Nx6.25) and is substantially undenatured (as detemained by differential 
scanning calorimetry). If desired, the wet PMM may be combined with the 
concentrated supernatant prior to drying the combined protein streams by any 
convenient technique to provide a combined canola protein isolate. The combined 
canola protein isolate has a high protein content, in excess of about 90 wt% 
(calculated as Kjeldahl Nx6J25) and is substantially undenatured (as determined by 
differential scanning calorimetry). 

[0053] M another alternative procedure, a portion only of the concentrated 

supernatant may be mixed with at least part of the PMM and the resulting mixture 
dried. The remainder of the concentrated supernatant may be dried as any of the 
remainder of the PMM. Further, dried PMM and dried supernatant also maybe dry 
mixed in any desired relative proportions. 

[0054] By operating in this maimer, a number of canola protein isolates may 

be recovered, in the form of dried PMM, dried supernatant and dried mixtures of 
various proportions by wei^t of PMM and svqjematant, generally &om about 5:95 
to about 95:5 by weight, which may be desirable for attaining differing fimctional 
and nutritional propoties. 
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[0055] As an alternative to dUution of flie concenHated protem solution into 

chilled water and processing of the resulting precipitate and supernatant as described 
above, protein may be recovered from the concentrated protein solution by dialyzing 
the concentrated protein solution to reduce the salt content thereof. The reduction of 
the salt content of the concentrated protein solution results in the formation of 
protein micelles in the dialysis tubing. Following dialysis, the protein micelles may 
be permitted to settle, collected and dried, as discussed above. The supernatant from 
the protein micelle settling st^ may be processed, as discussed above, to recover 
further protein therefrom. Alternatively, the contents of the dialysis tubing may be 
directly dried. The latter alternative procedure is usefiil where small laboratory scale 

quantities of protein are desired. 

r>FSr.T?TPTION OF PREFEP PTfT^ KMRODIMENT 
[0056] Referring to Figure 1, there is illustrated schematically a flow dieet 

of one embodiment to the invention. Canola oil seed meal and aqueous extraction 
medium are fed by Une 10 to an extraction vessel 12 wherein the oil seed meal is 
extracted and an aqueous protein solution is formed. The slmry of aqueous protem 
solution and residual oil seed meal is passed by line 14 to a vacuum filter belt 16 for 
separation of the residual oU seed meal which is removed by hne 18. The aqueous 
protein solution then is passed by line 20 to a clarification operation 22 wherein the 
aqueous protem solution is centrifiiged and filtered to remove fines, whidi are 
recovered by line 24. 

[0057] The clarified aqueous protein solution is pumped by line 26 throu^ 

ultrafiltration membrane 28 to produce a concentrated protein solution as the 
retentate in line 30 with the penneate being recovered by line 32. The concentrated 
protein solution is passed into a precipitation vessel 34 containing cold water fed by 
line 36. Protem micellar mass formed in the precipitation vessel 34 is removed by 
line 38 and passed thiou^ a spray dryer 40 to provide dry canola protein isolate 42. 
[0058] Supernatant from the precipitation vessel 34 is removed by line 44 

and pumped through ultrafiltration membranes 46 to produce a concentrated protein 
solution as the retentate in line 48 with the permeate being removed by line 50. The 
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concentrated protein solution is passed through a spray dryer 52 to provide further 
dry canola protein isolate 54. 

[00591 As an alternative, the concentrated protein solution in line 48 may be 

passed by line 56 to mix with tiie protein micellar mass before the mixture then is 
dried in spray dryer 40. 

EXAMPLES 

Example 1 : 

[0060] This Example illustrates the process of the invention. 

[0061] 'a* kg of commercial canola meal was added to 'b' L of 0. 1 5 M NaCl 

solution at ambient temperature and agitated for 30 minutes to provide an aqueous 
protein solution having a protein content of *c' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt The resulting protein solution was 
clarified by centrifugation to produce *d' L of a clarified protein solution having a 
protein content of 'e' g/L. 

[0062] The protein extract solution or a T L aliquot of the protein extract 

solution* was reduced in volume to *g' L by concentration on an ultrafiltration system 
using 'h' dalton molecular weight cut-ofif membranes. The resulting concentrated 
protein solution had a protein content of *i' g/L. 

[0063] The concentrated solution at 'j' was diluted 'k' into 4^C water. A 

white cloud of protein micelles formed immediately and was allowed to settle. The 
upper diluting water was removed and the precipitated, viscous, sticky mass (PMM) 
was recovered from the bottom of flie vessel in a yield of T wt% of the extracted 
protein and dried. The dried protein was found to have a protein content of 'm' wt% 
(Nx 6.25) d.b. The product was given designation 'n'. The parameters 'a' to 'n' are 
outlined in the following Table I: 

TABLET 



n 


a 


b 


c 


d 


e 


f 


s 


h 


i 


j 


k 


1 


m 


CPIA06-13 


300 


2500 


13.0 


1160 


10.5 


(1) 


13 


30000 


303 


(2) 


1:10 


(2) 


106.5 


BW-AH12-G16-01 


225 


1500 


19.6 


(2) 


17.5 


600 


30 


3000 


245 


30 


1:15 


(2) 


104.1 


BW-AIJ016-K15- 
01(3) 


1200 


8000 


14.9 


(2) 


10-4 


400 


40 


10000 


257 


30 


1:15 


46 


106.9 


CPI-A06-33 


300 


2000 


10.8 


1800 


8.7 


a) 


55 


30000 


217 


(2) 


1:10 


(2) 


1043 


All-04 


300 


2000 


23.2 


1772 


21.7 


1000 


52 


30000 


240 


34 


1:15 


(2) 


107.2 
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Notes: (1) All the protein extract solution was concentrated 

(2) Not determined 

(3) The concentrated retentate was diafiltered with 6 volumes of 0,15 M NaCl while holding 
the volume at 40L prior to dilution. 

Example 2 : 

[0064] The process of Example 1 was repeated with the conditions of the 

procedure being varied. A number of parameters were studied. 
[0065] (a) Extraction parameters: 

The extraction parameters were varied to ascertain their effect on the 
concentration of protein solution obtained. The results are tabulated in the foUowiag 



Table H: 

TABLE n 



Extraction 
concentration 


Extraction 
Temperatuie 


Extraction 
Time 


Concentration of 
NaCl solution 


pH of extraction 
solution 


Protein 
concentration 


5%wAr 


13^C 


30 nam 


0.15 M 


6.4 


5.3 g/L 


15%w/v 


13**C 


30min 


0.15 M 


6.2 


12.7 g/L 


15%w/v 




30min 


0.15 M 




6.6 g/L 


15% w/v 


34^C 


SOmin 


0.15 M 




14.6 g/L 


15%w/v 


IT'C 


lOmin 


0.15 M 


5.9 


10.5 g/L 


15% w/v 


13^C 


60min 


0.15 M 


5.9 


10.6 g/L 


10%wAr 


15^C 


30min 


0.15 M 




9.7 g/L 


10% w/v 


13*^0 


70niin 


0.15 M 




9.3 g/L 


10% w/v 


13*^0 


30niin 


0.15 M 


5.3 


9.8 g/L 


10% w/v 


13°C 


30min 


0.15 M 


6,2 


10.6 g/L 



[0066] (b) Dilution parameters: 

The dilution parameters were varied to ascertain their efifect on yield 
of PMM from the dilution step. The results are tabulated in the following Table IH: 



TABLE m 



Protein Concentration 


Dilution Water Temperature 


Dilution Ratio 


PMM Recovery 


206 s/L 


4°C 


1:10 


51.7% 


25Zg/L 




1:10 


61.8% 


283 g/L 


4°C 


1:10 


42.6% 


230 g/L 


15°C 


1:10 


4.5% 


249 g/L 


4°C 


1:5 


40.4% 


249 g/L 


4°C 


1:3 


30.7% 
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Example 3 : 

[0067] This Example illustrates the effect of dilution water temperature on 

the yield of product protein isolate. 

[0068] 1200 kg of commercial canola meal was added to 8000 L of 0.15 M 

NaCl solution at ambient temperature and agitated 30 minutes to provide an 
aqueous protein solution having a protein content of 17.4 g/L. The residual canola 
meal was removed and washed on a vacuum filter belt. The resulting protein 
solution was clarified by centrifugation to produce 7464 L of a clarified protein 
solution having a protein content of 14.8 g/L 

10069] The protein extract solution was reduced in volume by concentration 

on an ultrafiltration systan utilizing 3,000 dalton membranes. The resulting 
concentrated protein solution had a protein content of 230 g/L. 
(0070] A 50 ml aliquot of the concentrated solution was warmed to 30°C 

then diluted 1:10 into 15'*C tap water. A slight white cloud of very small micelles 
formed and was allowed to settle. The iq>per diluting water was removed leaving a 
very small amount of precipitate. The precipitate only represented 4.5 wt% of the 
protein in the 50 ml aliquot of the concentrated solution instead of a typical 50 wt% 
recovery achieved when diluted into 4°C tap water. The 50 ml aliquot was taken 
fi-om the batch with the designation BW-AH012-H14-01A. The data firom this 
Example are also presented in Table JR above with respect to the dilution ratio. 
Example 4 : 

[0071] This Example shows the effect of temperature of concentrated 

solution on dilution yield. 

[0072] 1200 kg of commercial canola oil seed meal was added to 8000 L of 

0.15 M NaCl solution at ambient temperature and agitated for 30 minutes at 13°C to 
provide an aqueous protein solution having a protein content of 'a' g/L. The residual 
canola meal was removed and washed on a vacuum filter belt. The resulting protein 
solution was clarified by centrifiigation to produce a clarified solution having a 
protein content of *b' g/L. 
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[0073] The clarified protein solution or a 'c' aliquot of the protein extract 

solution was reduced in volume to *d' L on a ultrafiltration system using a 'e' dalton 
molecular weight cut-oflF membrane. The resulting concentrated protein solution had 
a protein content of T g/L. The lots were given designation *g\ 
[00741 The parameter 'a' to 'g' are given in the following Table IV: 

TABLE IV 



g 


BW-AL011-J16-01A 


BW-AL017-D11-02A 


a 


24.4 


26.3 


b 


20.3 


18.0 


c 


(1) 


2000 


d 




152 


e 


3000 


5000 


f 


287 


285.9 



Note: (1) All the protein extract solution was concentrated. 

[0075] 50 ml retentate aliquots of lot BW-ALOl 1-J16-01 A were wanned to 

30°C and GO'^C before being diluted 1:10 into 4^C water. In each case, a white cloud 
of protem micelles formed immediately and was allowed to settle. The upper 
diluting water was removed and the precipitated, viscous, sticky mass (PMM) was 
dried. The PMM was recovered fi*om each experiment and the yield of the dilution 
step was calculated. In the case of the retentate temperature being 30®C, the protein 
recovery was 57.1 wt%, while for eO^'C, the yield was 23.7 wt%- 
[0076] 5 ml retentate aliquots of lot BW-AL017-D1 1-02A were wanned to 

various temperatures between 30°C and 60°C and then diluted at dilution ratio of 
1:10 or 1:15 into 4°C water. In each case, a white cloud of protein micelles formed 
inmiediately and was allowed to settle. The upper diluting water was removed and 
the precipitated, viscous, sticky mass (PMM) was dried. The PMM was recovered 
firom each experiment and the yield of the dilution step was calculated. The results 
obtained appear in the following Table V: 
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TABLE V 



Retentate Temperature 


Dilution Ratio 


PMM Yield 


30*C 


1:10 


49% 


40°C 


1:10 


49 


50°C 


1:10 


47 


60»C 


1:10 


35 


30°C 


1:15 


51 


40°C 


1:15 


51 


50°C 


1:15 


39 


60°C 


1:15 


39 



10077] As may be seen from this Table, higher yields are obtained at 

moderately elevated temperatures while higher elevated temperatures tend to reduce 
yields. 

Example 5 : 

[0078] This Example illustrates the preparation of further canola protein 

isolates using various combinations of parameters and additionally including 
treatment with powdered activated carbon. 

[00791 kg of commercial canola meal was added to 'b' L of 0. 1 5 M NaCl 

solution at ambient temperature and agitated 'c' minutes to provide an aqueous 
protein solution having a protein content of *d' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt. The resulting protem solution was 
clarified by centrifixgation to produce a clarified protein solution having a protein 
contentof V g/L. 

[0080] T wt% powdered Activated Carbon (PAC) was added to the 

clarified solution. The suspension was mixed for 15 minutes, following which the 
PAC was removed by filtration, resulting in 'g' L of a 'h' g/L extract. 
[0081] A 4' L aliquot of the protein extract solution from the PAC treatment 

step was reduced in volume to L on an ultrafiltration system using a 30,000 
dalton molecular weight cut-off membrane. The resulting concentrated protein 
solution had a protein content of 'k' g/L. 

[0082] The concentrated solution at '1' "^C was diluted 1: *m' into A^'C tap 

water. A white cloud formed immediately and was allowed to settle. The upper 
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diluting water was removed and the precipitated, viscous, sticky mass was dried. 
The dried protein which was formed had a protein content of *n' wt% protein 
(Nx6.25 d.b.)- The overall protein recovery i.e. the average of dried protein isolate 
expressed as a percentage of the protein solubilized in the extraction step, was *o' 
wt%. The product was given designation CPI 'p'. 



[0083] The specific parameters "a" to for these different samples of 

protein product are set forth in the following Table VI: 

TABLE VI 



p 


a 


b 


c 


d 


e 


f 




h 


i 


j 


k 


1 


m 


n 


0 


A07.I5 


150 


1000 


30 


14.0 


13.1 


2 


700 


8.9 


460 


21 


246 


30 


10 


103,5 


44 


A()7.22 


150 


1000 


120 


13.0 


12.3 


4 


800 


8.2 


800 


9 


490 


20 


5 


106.9 


0) 


AnK^2 


300 


2000 


300 


14.0 


14.5 


0.06 


1300 


13.8 


480 


6 


421 


25 


5 


105.8 


(1) 


A10-I3 


300 


2000 


45 


28.6 


24.9 


1 


2150 


22.7 


1000 


80 


176 


20 


10 


109.2 


(1) 



Note: (1) not determined. 



[0084] The effect of the addition of powdered activated carbon on colour of 

canola protein isolate is shown ia Example 7 below. 
Example 6 : 

[0085] This Example illustrates an embodiment of the invention, wherein 

water was used in the extraction stage and salt was subsequently added. 
[0086] 150 kg of commercial canola meal was added to 1000 L of water at 

13®C, agitated for 30 minutes resulting in a protein solution with a concentration of 
4.5 g/L. The residual canola meal was removed and washed on a vacuum filter belt 
The aqueous protein solution was clarified by centrifugation producing 1 100 L of a 
3.8 g/L extract. 

[00871 Powdered activated carbon (PAC) was precoated on filter pads 

before the clarified solution was filtered producing 1000 L of a 3.2 g/L extract. 
[0088] Sodium chloride was added to the latter protein solution to a 

concentration of 0.15M. The volume of the protein solution was reduced to 10 L on 
an ultrafiltration system using 30,000 dalton membranes. The concentrated solution 
had a protein content of 292 g/L. An aliquot of the concentrated protein solution 
was warmed to 30"C. prior to dilution 1 :3 into 4®C water. 
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[0089] A white cloud fonned immediately and was allowed to settle. The 

upper diluting water was removed and the precipitated, viscous, sticky mass (PMM) 
was dried. The dried canola protem isolate, given identification CPI A07-18, had a 
protein content of 96 wt% protein (Nx6.25). The recovery of protein was 59 wt% of 
the protein originally extracted 
Example 7 : 

[0090] This Example provides a comparison of the colour of certain canola 

protein isolates produced herein in comparison to spray dried egg white, 
conventional soy proteia isolate and products produced according to Murray n. 
[0091] Samples of protein isolate were evaluated for lightness (L) and 

chromaticity (a and b) using a Minolta colourimeter. In the L a b colbur space, the 
value moves from 0 to 100, with 100 being white and 0 bemg black. The 
chromaticity coordinates, a and b, both have maximum values of + 60 and -60, -ha 
being Ihe red direction, -a being the green direction, +b bemg the yellow direction 
and -b being the blue direction. 



[0092] The following Table VII sets forth the results obtained: 

TABLE Vn 



Sample 


L 


a 


b 


Comments 


Egg White 


90.34 


-2.73 


21.43 




Soy Protein Isolate 


85.10 


-0.906 


14.67 


The a and b values are not as close to 
egg white as PAC treated CPI 


CPIA07-15 
(Example 5) 


82.77 


-2.13 


22,98 


NaQ extraction with hi^ (2%) PAC 


CPI A07-18 
(Example 6) 


82.80 


-2.69 


25.19 


Water extraction witili PAC 


CPI A06-33 
(Example 1) 


75,60 


0.404 


26.51 


NaCl extraction without PAC 


CPIAOS-02 
(Example 5) 


80.04 


-2.87 


23.37 


NaQ extraction with low (0.06%) PAC 


Munay n 


65.81 


0.962 


18.27 


Relatively dark product 



[00931 The results set forth in Table Vn show the beneficial effect on 

colour, namely more white, less yellow, by the use of powdered activated carbon. 

Example 8 : 

[0094] This Example illustrates the preparation of further canola protein 

isolate including protein recovered from supernatant. 
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[0095] 'a' kg of commercial canola meal was added to *b' L of 0. 1 5 M NaCl 

solution at ambient temperature and agitated for 30 minutes to provide an aqueous 
protein solution having a protein content of 'c' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt The resulting protem solution was 
clarified by centrifiigation to produce a clarified protein solution having a protein 
content of 'd' g^TL followed by the addition of 1 wt% Powdered Activated Carbon 
(PAC). 

[0096] The suspension was mixed for 15 minutes, following which the PAC 

was removed by filtration, resulting in 'e' L of a T g/L extract 
[0097] A *g' L aliquot of the protein extract solution firom the PAC 

treatment step was reduced m volume to •h' L on an ultrafiltration system using 
30,000 dalton molecular weight cut-off membranes. The resulting concentrated 
protein solution had a protein content of 'i' g/L. 

[0098] The concentrated solution at 'j' °C was diluted 1: *k' into 4°C water. 

A white cloud formed immediately and was allowed to settle. The upper diluting 
water was removed and was reduced in volume by ultrafiltration using 3000 dalton 
molecular weight cut-off membranes by a volume reduction factor of *r. The 
concentrate was added to the precipitated, viscous, sticky mass and the mixture was 
dried. The dried protein mixture which was formed had a protein content of 'm' 
wt% of protein CNx6.25). The product was given designation CPI *n'. 
[0099] The specific parameters *a' to *n' for two different samples of protein 

product are set forth in the following Table Vni: 

TABLE Vm 



n 


a 


b 


c 


d 


e 


f 


g 


h 


i 


j 


k 


1 


m 


AKMM 


300 


2000 


28.4 


27.6 


1330 


16.3 


200 


18 


186 


• 28 


10 


11 


100.3 


AlO-05 


300 


2000 


27.7 


21.9 


1320 


21.9 


300 


20 


267 


27 


15 


21 


102.3 



Example 9 : 

[00100] This Example further illustrates the preparation of fiirther canola 

protein isolate including protem recovered firom supernatant without PAC treatment. 
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[00101] 'a' kg of canola meal was added to 'b' L of 0. 1 5 M NaCl solution at 

a temperature of 20X and agitated for 30 minutes to provide an aqueous protein 
solution having a protein content of *c' g/L, The resulting canola meal was removed 
and washed on a vacuum filter belt. The resulting protein solution was clarified by 
centrifiigation and filtration to produce a clarified protein solution having a protein 
contentof *d' g/L. 

[00102] The protein extract solution or a 'e' L aliquot of the protein extract 

solution was reduced in volume on an ultrafiltration system using membranes 
having a molecular weight cut-off of T daltons. The resultmg concentrated protein 
solution had a protein content of *g' g/L. 

[00103] The concentrated solution at 'h' was diluted 'i' into *j' ''C water. 
A white cloud immediately formed and was allowed to settle. The upper diluting 
water was removed and concentrated by ultrafiltration using 3000 dalton molecular 
weight cut-ofF membranes to provide a concentrated supernatant having a protein 
content of 'k' g/L. The concentrate was added to the precipitated, viscous, sticky 
mass and the mixture dried. 

[00104] The dried protein mixture was foxmd to have a protein content of *!' 

wt% (Nx6.25). The yield of canola protein isolate from the protein solution extract 
was *m' wt%. The product was given designation 'n', 

[00105] The specific parameters 'a" to *n' for two different samples of 
protein product are set forth in the following Table IX: 

TABLE DC 



n 


BW-AL11-I21-01A 


All-01 


a 


1200 


300 


b 


8000 


2000 


c 


24.5 


23.7 


d 


17.8 


20.7 


e 


m 


400 


f 


3000 


30,000 




284.7 


200.2 


h 


31 


32 


i 


1:10 


1:15 


i 


8 


4 


k 


279.0 


104.7 


1 


100.2 


102.8 


m 


68.1 


(2) 



wo 02/089597 




PCT/CA02/00650 



24 



Note:(l) AU the protein extract solution was concentrated 
(2) not deteimined 

Example 10 : 

[00106] This Example illustrates extraction of the canola protein meal at a 

relatively high pH and recovery of protein from supematant. 

[001071 150 kg of commercial canola meal was added to 2000 L of 0*15 M 

NaCl having a pH adjusted to 9.5 by the addition of sodium hydroxide at ambient 
temperature, agitated for 30 minutes to provide an aqueous protein solution having a 
protein content of 13.2 g/L. The residual canola meal was clarified by centrifugation 
and filtration to produce 1210 L of a clarified protein solution having a protein 
content of 12.1 g/L. 

[00108] The pH of the clarified protein solution was adjusted to 6.2 by the 

addition of hydrochloric acid. A 900 L aliquot of the protein extract solution was 
reduced in volume to 50 L by concentration on an ultrafiltration system using 3000 
dalton molecular weight cut-ofif membranes. The resulting concentrated protein 
solution had a protein content of 276.2 g/L. 

[00109] The concentrated solution at 30 ""C was diluted 1:15 into 4*'C water. 

A white cloud formed immediately and was allowed to settle. The upper diluting 
water was removed and 390 L of this supernatant were concentrated by 24 L by 
ultrafiltration using 3000 dalton molecular weight cut-ofif membranes to provide a 
concentrated supematant having a protein content of 149.0 g/L. The concentrate was 
added to the precipitated, viscous, sticky mass and the mixture dried. 
[00110] The dried protein mixture was found to have a protein content of 

103.3 wt% (Nx 6.25). The yield of canola protein isolate from the protein solution 
extract was 48.3 wt%. The product was given designation BW-AL017-D08-02A. 
Example 11 : 

[00111] This Example illustrates the preparation of canola protein isolate by 

processing of supematant. 

[00112] 'a' kg of commercial canola meal was added to 'b' L of 0.15 M NaCl 

solution at ambient temperature and agitated for 30 minutes to provide an aqueous 
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protein solution having a protein content of g/L. The residual canola meal was 
removed and washed on a vacuum filter belt. The resulting protein solution was 
clarified by centrifugation to produce a clarified protein solution having a protein 
content of 'd' g/L. 

[00113] The clarified protein solution was reduced in volume on an 
ultrafiltration system using 3,000 dalton molecular weight cut-off mCTobranes. The 
resulting concentrated solution had a protein content of 'e' g/L. 
[00114] The concentrated solution at T ""C was diluted 'g' into 4*^0 water. A 

white cloud formed immediately and was allowed to settle. The upper diluting water 
was removed and the precipitated, viscous, sticky mass (PMM) was recovered firom 
the bottom of the vessel and dried. The dried protein was found to have protein 
content of *k' wt% ^x6.25) d.b. 

[00115] The removed upper diluting water was reduced in volume by 
ultrafiltration using 3,000 dalton molecular weight cut-off membranes to a protein 
concentration of *i' g/L. The concentrate then was dried. The dried protein which 
was formed had a protein content of 'j' wt% (Nx6.25). The product was given 
designation 

[00116] The specific parameters 'a' to *r for two different samples of protein 
product are set forth in the following Table X: 

TABLE X 



1 


AL016-J24 


AL011-J16-01A 


a 


1200 


1200 


b 


8000 


8000 


c 


22.7 


24.4 


d 


16.9 


20.3 


e 


281 


287 


f 


37 


28 




1:10 


1:10 


h 


(2) 


101.9 


i 


(3) 


265 


j 


103.9 


101.5 


k 


(2) 


101.6 



Note: (1) All tibe protein extract solution was concentrated 

(2) Not determined 

(3) The siq)ematant was concentrated by a volume reduction &ctor of 16. 
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Example 12 : 

[00117] This Example illustrates application of the process of the invention to 

cold pressed canola meal and the recovery of additional protein from the 
siqpematant. 

[00118] 50 kg of canola meal was pressed and 13 L of oil recovered, 30 kg of 

the resulting crushed meal was added to 300 L of 0.15M NaCl solution at 20^C and 
the mixture was agitated for 40 minutes, followed by a thirty minute settling period. 
200 L of aqueous protein solution were obtained having a protein content of 19.5 
mg/ml. 

[001 19J The aqueous protein solution was chilled to 4*^C and refrigerated at 

that temperature for 16 hours, to permit fat present in the meal and extracted in the 
extraction step, to separate, according to the procediu-e of Murray II. The resulting 
fat layer was removed from the surface of the aqueous protein solution. The 
remaining aqueous protein solution was filtered through a filter press having a 20 
|jm filter pad to remove remaining particles of hull and cell wall material as well as 
residual particles of fat 200 L of filtrate with a protein content of 14.6 mg/ml w^e 
obtained. 

[00120] The aqueous protein solution was reduced in volume to 10.5 L by 

concentration on an ultrafiltration system using 10,000 dalton molecular weight cut- 
off membranes. The resulting concentrated protein solution had a protein content of 
200 g/L, which represented a yield of 67 wt% of the protein originally extracted 
fix>m the canola meal. The resulting 10.5 L solution was again chilled to 4^C and 
refiigerated at this temperature for 16 hours. The solution was then centrifiiged at 
10,000 xg for five minutes and the separated fat removed from the concentrated 
protein solution. 

[00121] The protein solution was warmed to 30°C and was added to water at 

A'^C at a dilution ratio of 1:9. Following overnight settling, 85 L of supernatant was 
decanted leaving approximately 9 L of precipitated, viscous, sticlqr mass (PMM), 
The PMM was fiirther concratrated by centrifiigation at 10,000 xg for 5 minutes and 
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an aliquot of the centrifuged PMM was freeze dried to determine its protein content. 
The freeze dried PMM was found to have a protein content of 105.5 wt% (Nx6.25). 
[00122] The supernatant from the PMM formation step was concentrated to 
IIL by concentration on a ultrafiltration systrai using 10,000 dalton molecular 
weight cut-off membranes. This latter concentrated solution had a protein 
concentration of 89.7 mg/ml. An aliquot of this concentrated solution was freeze 
dried to determine the protein content. The freeze-dried protein was found to have a 
protein content of 101.7 wt% (Nx6.25). 

[00123] The overall yield of protein as PMM and recovered from the 

supernatant from the protein extracted from the canola meal was 50 wt%. 
Example 13 : 

[00124] This Example illustrates application of the process of the invention to 
high erucic acid rapeseed. 

[00125] 35 kg of commercial high eracic acid rapeseed meal was added to 
350 L of 0.3 M NaCl solution (10% w/v) at 15°C and agitated for one hour to 
provide an aqueous protein solution having a protein content of 7.71 g/L. A second 
nm under the same conditions produced an aqueous protein solution having a 
protein content of 7.36 g/L. The extract solutions were decanted and clarified by 
filtration through 20 |im filter pads to remove residual meal and to provide a total 
filtrate volume of 550 L. 

[00126] The filtrate then was concentrated to 9 L using a hollow fibre 
ultrafiltration system having 10,000 dalton molecular cut-off membranes. The 
resultant concentrated protein solution had a protein content of 232 g/L. 
[00127] The concentrated protein solution, at a temperature of 30**C, was then 

diluted 1:9 into 4°C water. A white cloud immediately formed and was allowed to 
settle for 16 hours at 4°C. 80 L of supernatant was decanted and was reduced in 
volume by diafiltration concentration to a volxmie of 7 L of concentrated supernatant 
having a protein content of 47.7 g/L. 

[00128] The settled viscous sticky mass (PMM) was collected and fi=eeze 
dried. A one litre portion of the concentrated supernatant was freeze dried. 1393 g of 
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freeze dried PMM was obtained from the process having a protein content of 106 
wt% (Nx6.25). 1 L of freeze-dried concentrated supernatant yielded 67 g, so that the 
7 L of concentrated supernatant contained 469 g of dried protein, for an overall 
protein yield from the protein extracted from the oil seed meal of 47 wt%. The 
freeze-dried concentrated supernatant had a protein content of 83 wt% (Nx6.2S) so 
that a mixture of PMM and protein from concentrated supematant has a protein 
content of 102 wt% (Nx6.25) on a dry weigjit basis. 
Example 14 : 

[00129] This Example illustrates application of tihie invention to mustard seed. 

[00130] 75 g of commercial mustard seed meal was added to 750 ml of 0,15 

M NaCl solution (15% w/w) at 20°C and agitated for 30 minutes. The extraction 
slurry was centrifuged at 10,000 xg for 10 minutes to separate the spent meal from 
the extracted protein. The resulting 500 ml of protein solution having a protein 
content of 18.05 mg/ml was then filtered through Whatman #4 filters in order to 
finlher clarify the solution. 

[00131] The clarified solution was concentrated to 27 ml on a Millipore mini- 

ultrafiltration stirred cell system using 10,000 molecular weight cut-off membranes. 
The resulting concentrated protein solution had a protein concentration of 218 g/L. 
[00132] 22.2 ml of the total 27 ml of concentrated protein solution, at a 

temperature of 30**C, was then diluted 1:9 into 4^C tap water. A white cloud 
immediately formed and was allowed to settle for 16 hours at 4°C. 200 ml of 
supematant was decanted. 

[00133] The settled viscous, sticky mass (PMM) was collected and 

centrifiiged at 10,000 xg for 5 minutes to reduce the moisture content of the pellet, 
which then was freeze dried. 4.48 g of freeze-dried pellet was obtained, representing 
a yield of protein in the freeze-dried pellet from the protein in the protein extracted 
from the oil seed meal was 50 wt% (if the entire 27 ml of retentate had been diluted, 
the final yield is extrapolated to be £q)proximately 60 wt%). The fireeze-dried PMM 
obtained fix)m the process had a protein content of 103 wt% (Nx 6.25). 
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Example 15 : 

[00134] This Example illustrates application of the process of the invention 

to non-GMO canola. 

[00135] 450 g of non-GMO canola meal was added to 3 L of 0.15 M NaCl 

solution (15% w/w) at 20^C and agitated for 30 minutes to provide an aqueous 
protein solution having a protein content of 8.08 g/L, The mixture was allowed to 
stand for 30 minutes to permit residual meal and protein solution to separate. The 
protein solution was decanted, centrifuged for 10 minutes at 10,000 xg and filtered 
through Whatman #4 filter paper to fiirther clarify the solution. 
[00136] The filtrate then was concentrated to a volume of 17 ml using a 

hollow fibre ultrafiltration system having 10,000 dalton molecular cut-oflf 
membranes. The resultant concentrated protein solution has a protein content of 205 
g/L. 

[00137] A 14 ml sample of the retentate, at a temperature of 30*^0, was then 

diluted 1:9 into 4°C tap water. A white cloud immediately formed and was allowed 
to settle. The supernatant was decanted and the settled viscous sticky mass (PMM) 
was collected and freeze-dried. 2.3 g of freeze-dried PMM was obtained fi-om the 
process having a protein content of 103 wt% (Nx 6.25). 

[00138] The overall jdeld of protein with respect to the protein extract fi-om 

the oil seed meal was 41 wt%. If the entire 17 ml of retentate had been diluted 
approximately 2.66 g of dried protein would have been recovered for a yield of 46 
wt%. 

Example 16 : 

[00139] This Example illustrates recovery of canola protein isolate by a 

dialysis procedure. 

[00140] *a' kg of commercial canola meal was added to 'b' L of 0.15 M NaCl 

solution at ambient temperature and agitated for 30 minutes to provide an aqueous 
protein solution having a protein content of *c' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt. The resulting protein solution was 
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clarified by centrifligation to produce 'd' L of a clarified protein solution having a 
protein content of *e' g/L. 

[00141] A T aliquot of the protein extract solution was reduced in vohune to 
*g' L by concentration on an ultrafiltration system using *h* dalton molecular weight 
cut-oflF membranes- The resulting concentrated solution had a protein content of *i' 
g/L. The retentate was given designation The paramet^ 'a' to 'j' are outlined in 
the following Table XI: 



TABLE XI 



i 


BW-AL017-D17-02A 


BW-AL017-D22-02A 


a 


150 


150 


b 


1004 


1003 


c 


25.1 


27.1 


d 


1080 


1132 


e 


18.0 


16.5 


f 


710 


1092 


g 


22.5 


31.5 


h 


5000 


5000 


i 


291.6 


362.5 



[001421 3.5 L of retentate fi^om BW-AL017-D17-02A was dialyzed in 120 L 

of 4''C water. The water was changed daily for several days and running water was 
used for the last two days. The conductivity of the retentate dropped firom 6.89 
millisiemens (ms) to 0.32 ms. As the conductivity dropped, micelles began to form 
in flie retentate. At the completion of the dialysis, a large amount of PMM was 
present at flie bottom of each dialysis tube. The PMM was recovered and dried. The 
canola protein isolate had a protein content of 1 03.0 wt% d.b. 

[00143] The procedure was repeated with the retentate BW-ALOl 7-D22-02A 

except that the dialysis was carried out in 60^C water. As the conductivity decreased, 
the solution became cloudy but very Uttle micelle formation occmred. Once the 
dialyzed solution was cooled to 10°C, micelle formation occurred. The resulting 
PMM, when dried, had a protein content of 106 wt% of d.b. 

SUMARY OF DISCLOSURE 
[00144] In summary of this disclosure, the present invention provides a novel 
procedure for isolating protein from oil seeds in inq)roved yields and protein content 
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than has previously been achieved. Modifications are possible within the scope of 
this invention. 
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CLAIMS 

What we claim is: 

1 . A process of preparing a protein isolate, which comprises: 

(a) extracting an oil seed meal at a temperature of at least about 5°C to 
cause solubilization of protein in said oil seed meal and to form an 
aqueous protein solution having a protein content of about 5 to about 
30 g/L and a pH of about 5 to about 6.8, 

(b) separating the aqueous protein solution from residual oil seed meal, 

(c) increasing the protein concentration of said aqueous protein solution 
to at least about 200 g/L while maintaining the ionic strength 
substantially constant by using a selective membrane technique to 
provide a concentrated protein solution, 

(d) diluting said concentrated protein solution into chilled water haviag a 
temperature below about 15®C to cause the formation of protein 
micelles, 

(e) settling the protein micelles to form an amorphous, sticky, 
gelatinous, gluten-like micellar mass, and 

(f) recovering the protein micellar mass from supernatant having a 
protein content of at least about 100 wt% as determined by Kjeldahl 
nitrogen x 6.25 on a dry weight basis. 

2. The process of claim 1 wherein said extracting of said oil seed meal is 
effected using an aqueous food grade salt solution having an ionic strength of at least 
about 0.10 and a pH of about 5 to about 6.8. 

3. The process of claim 2 wherein said food grade salt solution has an ionic 
strength of about 0. 15 to about 0.6. 

4. The process of claim 2 wherein said food grade salt solution has a pH of 
about 5.3 to about 6.2. 

5. The process of claim 2 wherein said extracting of said oil seed meal is 
effected with agitation of said aqueous food grade salt solution for about 10 to about 
30 minutes. 
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6. The process of claim 5 wherein the concentration of oil seed naeal in said 
aqueous food grade salt solution during said extiacting step is about 5 to about 15% 
w/w. 

7. The process of claim 2 wherein smd aqueous protein solution resulting from 
the extraction step has a concentrate of about 10 to about 25 g/L. 

8. The process of claim 1 wharein said extiacting of said oil seed meal is 
effected using an aqueous food grade salt solution having an ionic sti«ngth of at least 
about 0.10 and a pH of about 6.8 to about 9.8 and, following said separation of the 
aqueous protein solution from residual oil seed meal, the pH of tiie aqueous protein 
solution is adjusted to a pH of about 5 to about 6.8. 

9. The process of claim 8 wherein said food grade salt solution has a ionic 
strraigth of about 0.15 to about 0.6. 

10. The process of claim 8 wherein the pH of the aqueous protein solution is 
adjusted to a pH of 5.3 to about 6.2. 

11. The process of claim 1 wherein said oil seed meal is canola oil seed meal 
and, following said separating of the aqueous protein solution from the residual 
canola seed meal, the aqueous protein solution is subjected to a pigment rranoval 
step. 

12. The process of claim 11 wherein said pigmait removal step is effected by 
diafiltration of the aqueous protein solution. 

13. The process of claim 11 wherein said pigment removal step is effected by 
mixing a pigment adsorbing agent with tiie aqueous protein solution and 
subsequentiy removing the pigment adsorbing agent from the aqueous protein 
solution. 

14. The process of claim 13 wherein the pigment adsorbing agent is powdered 
activated carbon. 

15. The process of claim 1 wherein said oil seed meal is extracted by water and 
subsequent thereto food grade salt is added to the resulting aqueous protein solution 
to provide an aqueous protein solution having an ionic strength of at least about 
0.10. 
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16. The process of claim 1 wherein said concentration step is effected by 
ultrafiltration at a temperature of about 20°C to about 60''C to produce a 
concentrated protein solution having a protein content of at least about 250 g/L. 

17. The process of claim 1 wherein said concentrated protein solution is wanned 
to a temperature of at least about 20°C to decrease the viscosity of the concentrated 
protein solution but not beyond a tCTnperature above which the temperature of the 
concentrated protein solution does not permit micelle formation upon dilution. 

18. The process of claim 17 wherein said concentrated protein solution is 
wanned to a temperature of about 25^C to about 40*^C- 

19. The process of claim 1 wherein said concentrated protein solution is diluted 
by about 15 fold or less by adding the concentrated protein solution into a body of 
water having the volume req\iired to achieve the desired degree of dilution. 

20. The process of claim 19 wherein said body of water has a temperature of less 
than about lO^C. 

21 . The process of claim 20 wherein said concentrated protein solution is diluted 
by about 10 fold or less. 

22. The process of claim 1 wherein the recovered protein micellar mass is dried 
to a proteinaceous powder. 

23. The process of claim 1 wherein said oil seed meal is canola seed meal and, 
following recovering of the protein micellar mass therefrom, the supernatant is 
processed to recover additional quantities of protein isolate therefrom. 

24. The process of claim 23 wherein said additional quantities of protein isolate 
are recovered from the supernatant by concentrating the supernatant to a protein 
concentration of about 100 to about 400 g/L, preferably about 200 to about 300 g/L, 
and drying the concentrated supernatant. 

25. The process of claim 23 wherein said additional quantities of protein isolate 
are recovered from the supernatant by concentrating the supernatant to a protein 
concentration of about 100 to about 400 g/L, preferably about 200 to about 300 g/L, 
mixing the concentrated siq>ematant with the recovered protein micellar mass, and 
drying the mixture. 
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26. The process of claim 23 wherein said additional quantities of protein isolate 
are recovered from the supernatant by concentating the supernatant to a protein 
concentration of about 100 to about 400 gfL, preferably about 200 to about 300 g/L, 
mixing a portion of said concentrated siqpematant with at least a portion of the 
recovered protein micellar mass, and drying the resulting mixture. 

27. The process of claim 26 wherein the remainder of the concentrated 
supernatant is dried and any remainder of the recovered protein micellar mass is 
dried. 

28. The process of claim 1 wherein, as an alternative to said diluting, settling and 
recovering steps, the concentrated protein solution is dialyzed to reduce the salt 
content thereof and to cause the formation of protein micelles, and recovering a 
I^otein isolate from the dialyzed concentrated protein solution having a protein 
content of at least about 100 wt% as detemained by Kjeldahl nitrogen x6.25 on a dry 
weight basis. 

29. The process of claim 28 wherein said protein isolate recovery is effected by 
drying the dialyzed concentrated protein solution. 

30. The process of claim 1 wherein said oil seed meal is canola oil seed meal. 

31. The process of claim 30 wherein the canola oil seed meal is cold pressed 
canola oil seed meal. 

32. The process of claim 30 wherein the canola oil seed meal is derived from a 
non-genetically modified canola oil seed. 

33. The process of claim 1 wherein the oil seed meal is rapeseed meal. 

34. The process of claim 1 wherein said oil seed meal is mustard seed meal. 

35. A canola protein isolate having a protein content of at least about 90 wt% as 
determined by Kjeldahl nitrogen x6.25 on a dry weight basis produced by the 
method of claim 24. 

36. A canola protein isolate having a protein contait of at least about 90 wt% as 
determined by Kjeldahl nit-ogen x6.25 on a dry weight basis produced by tiie 
method of claim 25 . 
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37. A canola protein isolate having a protein content of at least about 90 wt% as 
determined by Kjeldahl nitrogen x6.25 on a dry weigjit basis produced from the 
supernatant by the method of claim 26. 

38. A canola protein isolate having a protein content of at least about 90 wt% as 
determined by Kjeldahl nitrogen x6.25 on a dry weight basis produced by the 
method of claim 29. 

39. A process for preparing a canola protein isolate of reduced pigmentation, 
which comprises: 

(a) extracting canola oil seed meal at a temperature of at least 5°C to 
cause solubilization of protein in said canola oil seed meal and to form an 
aqueous protein solution having a protein content of about S to about 25 g/L 
and a pH of about S to about 6.8, 

(b) separating the aqueous protein solution from residual canola oil seed 

meal, 

(c) subjecting the aqueous protein solution to a pigment removal step, 

(d) increasing the protein concentration of said aqueous protein solution 
to at least about 200 g/L while maintaining the ionic strength substantially 
constant by using a selective membrane technique to provide a concentrated 
protein solution, 

(e) diluting said concentrated protein solution into chilled water having a 
temperature below about IS^C to cause the formation of protein micelles, 

(f) settling the protein micelles to form an amorphous, sticky, 
gelatinous, gluten-like micellar mass, and 

(g) recovering the protein micellar mass from supematant having a 
protein content of at least about 90 wt% as deteraiined by Kjeldahl nitrogen 
x6.2S on a dry weight basis. 

40. The method of claim 39 wherein said pigment removal step is effected by 
diafiltration of the aqueous protein solution. 

41. The method of claim 39 wherein said pigment removal step is effected by 
mixing a pigment adsorbing agent with the aqueous protein solution and 
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subsequently removing the pigment adsorbing agent from the aqueous protein 
solution. 

42. The method of claim 41 wherein said pigment adsorbing agent is powdered 
activated carbon. 
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(57) Abstract: Oil seed protein isolates, particularly canola 
protein isolate, are produced al a high purity level of at least 
about 100 wt% (Nx 6.25) by a process wherein oil seed pro- 
tein is extracted from oil seed meal, the resulting aqueous pro- 
tein solution is concentrated to a protein content of at least 
about 200 g/L, and the concentrated protein solution is added 
to chilled water having a temperature below about 15°C to 
form protein micelles, which are settled to provide a protein 
micellar mass (PMM). The protein micellar mass is separated 
from supernatant and may be dried. The supernatant may be 
processed to recover additional oil seed protein isolate by con- 
centrating the supernatant and then drying the concentrated 
supernatant, to produce a protein isolate having a protein con- 
tent of at least about 90 wt%. The concentrated supernatant 
may be mixed in varying proportions with at least part of the 
PMM and the mixture dried to produce a protein isolate hav- 
ing a protein content of at least about 90 wt%. 
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TITLE OF INVENTION 
PRODUCTION OF OIL SEED PROTEIN ISOLATE 

REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority under 35 USC 119(e) from 

copending US Patent application No. 60/288,415 filed May 4, 2001, 60/326,987 
filed October 5, 2001, 60/331,066 filed November 7, 2001, 60/333,494 filed 

November 26, 2001 and filed . 

FIELD OF THE INVENTION 
[0002] The present invention relates to improved methods for manufacturing 

oil seed protein isolate, particularly a canola protein isolate. 

BACKGROUND TO THE INVENTION 
[0003] In US Patent Nos. 5,844,086 and 6,005,076 C^vluiray H"), assigned 

to the assignee hereof and the disclosures of which are incorporated herein by 
reference, there is described a process for the isolation of protein isolates from oil 
seed meal having a significant fat content, including canola oil seed meal having 
such content The steps involved in fliis process uiclude solubilizmg proteinaceous 
material from oil seed meal, which also solubilizes fat in the meal, and removing fat 
from the resulting aqueous protein solution. The aqueous protein solution may be 
separated from the residual oil seed meal before or afl:er the fat removal step. The 
defatted protein solution then is concentrated to increase the protein concentration 
while maintaining the ionic strength substantially constant, after which the 
concentrated protein solution may be subjected to a fiuHier fat removal step. The 
concentrated protein solution then is diluted to cause tihe formation of a cloud-like 
mass of highly associated protein molecvUes as discrete protein droplets in micellar 
form. The protein micelles are allowed to settle to form an aggregated, coalesced, 
dense, amoiphous, sticky, gluten-like protem isolate mass, termed '^protein micellar 
mass" or PMM, which is separated from the residual aqueous phase and dried. 
[0004] The protein isolate has a protein content (as detemiined by Kjeldahl 

Nx6.25) of at least about 90 wt%, is substantially undenatured (as detmnined by 
differential scanning calorimetry) and has a low residual fat content. The term 
"protein content" as used herem refers to the quantity of protein in the protein isolate 
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expressed on a dry weight basis. The yield of protein isolate obtained using this 
procedure, in terms of the proportion of protein extracted from the oil seed meal 
which is recovered as dried protein isolate was generally less than 40 wt%, typically 
around 20 wt%. 

[0005] The procedure described in the aforementioned Murray n patent was 

developed as a modification to and improvement on the procedure for forming a 
protein isolate from a variety of protein source materials, including oil seeds, as 
described in US Patent No. 4,208,323 (Murray IB). The oil seed meals available in 
1980, when US Patent No. 4,208,323 issued, did not have the fat contamination 
levels of the canola oil seed meals available at the time of the Murray II patents, and, 
as a consequence, the procedure of US Patent No. 4,208,323 cannot produce from 
such oil seed meals processed according to the Murray n process, proteinaceous 
materials which have more than 90 wt% protein content. There is no description of 
any specific experiments in US Patent No. 4,208,303 carried out using rapeseed 
(canola) meal as the starting material. 

[0006] US Patent No. 4,208,323 itself was designed to be an improvement 

on the process described in US Patents Nos. 4,169,090 and 4,285,862 (Murray lA) 
by the introduction of a concentration step prior to dilution to form the PMM. The 
Munay lA patents describe one experiment involving rapeseed but provides no 
indication of the purity of the product. The concentration step desaibed in the 
Murray IB patent served to improve the yield of protdn isolate from around 20% for 
the Murray lA process. 

SUMMARY OF INVENTION 
[00071 It has now been found that it is possible to unprove these prior art 

protein isolate processes as they apply to oil seeds, particularly canola, to obtain 
improved yields of dried protein isolate, in terms of the proportion of protem 
extracted from the oil seeds, of at least about 40 wt% and often much higher, at least 
about 80 wt%, and protein isolates of higher purity, at least about 100 wt% at a 
Kjeldahl nitrogen conversion rate of Nx6-25- 
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[0008] It has further been found that a significant proportion of the cahola 

protein extracted from the meal in the process of Murray lA and IB and Murray II, as 
applied to canola meal, is lost as a result of discarding the supernatant from the 
PMM-foimation step. A further improvement on the prior procedure is provided 
herein, which improves the overall yield of protein, wherein protein present in the 
supernatant is recovered generally by a process of concentration to remove 
impurities and drying the concentrate. The product obtained from the siqjematant 
generally has a protein content (Nx6.25) of greater than 100% and is a novel canola 
protein isolate product. Such novel product provides a further aspect of the 
invention. 

[0009] As a further improvement on the prior procedure, the concentrated 

supernatant may be mixed with the PMM and the mixture dried. Altematively, a 
portion of the concentrated supernatant may be mixed with at least a portion of the 
PMM and the resulting mixture dried. The latter products are novel canola protein 
isolate products and constitute a further aspect of the inventioiL 
[0010] In accordance with one aspect of the present invention, there is 

provided a process of preparing a protein isolate, which comprises (a) extracthig an 
oil seed meal at a temperature of at least about 5" and preferably up to about SS^'C to 
cause solubilization of protein in said oil seed meal and to form an aqueous protein 
solution having a protein content of about 5 to about 25 g/L and a pH of about 5 to 
about 6.8, (b) separating the aqueous protein solution from residual oil seed meal, (c) 
increasing the protein concentration of said aqueous protein solution to at least about 
200 g/L while maintaining the ionic strength substantially constant by using a 
selective membrane technique to provide a concentrated protein solution, (d) 
diluting said concentrated protem solution into chilled water havmg a temperature of 
below about IS'^C to cause the formation of protein micelles; (e) settling the protein 
micelles to form an amorphous, sticky, gelatinous gluten-like protein micellar mass, 
and (f) recovering the protein micellar mass from supernatant having a protein 
content of at least about 100 wt% as determined by Kjeldahl nitrogen x6.25 on a dry 
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weight basis. The recovered protein mioeUar mass may be dried. The protein isolate 
is substantiaUy undenatured (as determined by differential scanning calorimetry). 
[0011] The protein isolate product in the form of protein micellar mass is 

described herein as "gluten-like". This description is intended to indicate the 
appearance and feel of the isolate are similar to those of vital wheat gluten and is not 
intended to indicate chemical identity to gluterL 

[0012] In one embodiment of this process, supernatant from the settling step 

is concentrated and the resulting concentrated supernatant is dried to provide a 
protein isolate having a protein content of at least about 90 wt% (Nx 6.25) on a dry 
weight basis. Such protein isolate is a novel product and is provided in accordance 
with fiirther aspect of the invention. 

[0013] hi another embodimrait of this process, siqiOTiatant from the settling 

step is concentrated, the resulting concentrated supernatant is mixed with the protein 
micellar mass prior to drying the same, and the resulting mixture is dried to provide 
a protein isolate having a protein content of at least about 90 wt% (Nx 6.25) tm a dry 
weight basis. Such protein isolate is a novel product and is provided in accordance 
with another aspect of the invention. 

[0014] In a fiirttier embodiment of the invention, supernatant from the 

resulting step is concentrated and a portion onfly of the resulting concmtrated 
supernatant is mixed with at least a portion of the protein micellar mass prior to 
drying the same to provide other novel protein isolates according to the invention 
having a protein content of at least about 90 wt% (Nx 6.25) on a dry weight basis. 
[0015] A key step in the process of the present invention and the ability to 

obtain higher yields of protein isolate at purities of at least 100 wt% than previously 
attained is concentration of the protein solution to a protein content of at least about 
200 g/L, a much higher value than in the prior procedures described above. Another 
key step is the step of wanning the concentrated protein solution, as necessary, prior 
to dilution into chilled water at a dilution rate of less than 1:15, when protein 
micellar mass only is recovered. This specific combination of parameters is not 
described m the prior art nor are the beneficial results of high protem yield and high 
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purity protein isolate described therein. An additional step in improving protein 
yield, particularly in the case of canola meal, is the recovery of additional quantities 
of protein fiom the supanatant from the PMM formation and settling step. 
[0016] In accordance with another aspect of the iovention, tho-e is provided 

a process for preparing a canola protein isolate of reduced pigmoitation, which 
comprises (a) extracting canola oil seed meal at a temperature of at least S^C to 
cause solubilization of protein in said canola oil seed meal and to form an aqueous 
protein solution having a protein content of about 5 to about 25 g/L and a pH of 
about 5 to about 6.8; (b) separating the aqueous protein solution from residual 
canola oil seed meal; (c) subjecting the aqueous protein solution to a pigment 
removal step; (d) increasing the protein concentration of said aqueous protein 
solution to at least about 200 g/L while maintaining the ionic strength substantially 
constant by using a selective membrane technique to provide a concentrated protein 
solution; (e) diluting said concentrated protein solution into chilled water having a 
temperature below about 15*C to cause the formation of proton micelles; (f) settling 
the protein micelles to fonn an amorphous, sticky, gelatinous, gluten-like micellar 
mass; and (g) recovering the protein micellar mass from supernatant having a protein 
content of at least about 90 wt% as determined by Kjeldahl nitix)gen x6.25 on a dry 
weight basis. 

[0017] The protein isolate produced according to the process herdn may be 

used in conventional applications of protein isolates, such as, protein fortification of 
processed foods, emulsification of oils, body formers in baked goods and foaming 
agents in products which entiap gases. In addition, the protein isolate may be formed 
into protein fibers, usefiil in meat analogs, may be used as an egg white substitute or 
extender in food products where egg white is used as a binder. The canola protein 
isolate may be used as nutritional supplements. Other uses of the canola protein 
isolate are in pets foods, animal feed and in industrial and cosmetic applications and 
in personal care products. 
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pgjHF DESCRIP TTON OF DRAWINGS 
[0018] Figure 1 is a schematic flow sheet of a procedure for producing an oil 

seed protein isolate as well as oflier products in accordance with one embodiment of 
the invention. 

GENERAL DESCRIPTION OF INVENTION 
[0019] The initial step of the process of this invention involves solubilizing 

proteinaceous material from oil seed meal, particularly canola meal, although the 
process may be applied to other oil seed meals, such as soybean, traditional 
rapeseed, traditional flax, linola, sunflower and mustard oil seed meals. The 
invention is more particularly described herein with respect to canola seed meal. 
[0020] The proteinaceous material recovered &om canola seed meal may be 

the protein naturally occiming in canola seed or other oil seed or the proteinaceous 
material may be a protein modified by genetic manipulation but possessing 
characteristic hydrophobic and polar properties of the natural protein. The canola 
meal may be any canola meal resulting from the removal of canola oil from canola 
oil seed with varying levels of non-denatured protein, resulting, for example, from 
hot hexane extraction or cold oil extrasion methods. The removal of canola oil from 
canola oil seed usually is effected as a separate operation from the protein isolate 
recovery procedure of the present invention. 

[0021] Protein solubilization is effected most efficiently by using a food 

grade salt solution smce the presence of the salt enhances the removal of soluble 
protein from the oil seed meal. The food grade salt usually is sodium chloride, 
although other salts, such as, potassium chloride, may be used. The food grade salt 
solution has an ionic strength of at least about 0.10, preferably at least about 0.15, to 
enable solubiUzation of significant quantities of protein to be effected. As the ionic 
strength of the salt solution increases, the degree of solubilization of protem in the 
oil seed meal initially increases imtil a maximum value is achieved. Any subsequent 
increase in ionic strength does not increase the total protein solubilized. The ionic 
strength of the food grade salt solution which causes maximum protein 
solubilization varies depending on the salt concerned and the oil seed meal chosen. 
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[0022] In view of the greater degree of dilution required for protein 

precipitation with increasing ionic strengths, it is usually preferred to utilize an ionic 
strength value less than about 0.8, and more preferably a value of about 0.15 to 
about 0.6. 

[0023] The salt solubilization of the protein is effected at a temperature of at 

least about S'^C, preferably up to about SS^'C, preferably accompanied by agitation to 
decrease the solubilization time, which is usually about 10 to about 60 minutes. It is 
preferred to effect the solubilization to extract substantially the maximirai amount of 
protein from the oil seed meal, so as to provide an overall high product yield. 
[0024] The lower temperature limit of about S^'C is chosen since 

solubilization is impractically slow below this temperature while the prefened upper 
temperature limit of about SS^'C is chosen since the process becomes uneconomic at 
higher temperature levels in a batch mode. 

[0025] The aqueous food grade salt solution and the oil seed meal have a 

natural pH of about 5 to about 6.8 to enable the protein isolate to be formed by the 
micellar route, as described in more detail below. The optimum pH value for 
maximimi yield of protein isolate varies depending on the oil seed meal chosen. 
[0026] At and close to the limits of the pH range, protein isolate formation 

occurs only partly through the micelle route and in lower yields than attainable 
elsewhere in the pH range. For these reasons, pH values of about 5.3 to about 6.2 
are preferred. 

[0027] The pH of the food grade salt solution may be adjusted to any desired 

value within the range of about 5 to about 6.8 for use in the extraction step by the 
use of any convenient food grade acid, usually hydrochloric acid, or food grade 
alkali, usually sodium hydroxide, as required. 

[0028] The concentration of oil seed meal in the food grade salt solution 

during the solubiUzation step may vary widely. Typical concentration values are 
about 5 to about 15% w/v. 
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[0029] The protein extraction step with the aqueous salt solution has the 

additional efifect of soluhilizing fats which may be present in the canola meal, which 
then results in the fats being present in the aqueous phase. 

[0030] The protein solution resulting from the extraction step generally has a 

protein concentration of about 5 to about 30 g/L, preferably about 10 to about 25 

[0031] The aqueous phase resulting from the extraction step then may be 

separated from the residual canola meal, in any convenient manner, such as by 
employing vacuum filtration, followed by centrifugation and/or filtration to remove 
residual meal. The separated residual meal may be dried for disposal. 
[0032] The colour of the final canola protein isolate can be improved in 

temis of light colour and less intense yellow by flie mixing of powdered activated 
carbon or other pigment adsorbing agent with the separated aqueous protein solution 
and subsequently removing the adsorbent, conveniently by filtration, to provide a 
protein solution. Diafiltration of the separated aqueous protein solution also may be 
used for pigment removal. 

[0033] Such pigment removal step may be carried out under any convenient 

conditions, generally at the ambient temperature of the separated aqueous protein 
solution, employing any suitable pigment adsorbing agent For powdered activated 
carbon, an amount of about 0.025% to about 5% w/v, preferably about 0.05% to 
about 2% w/v, is employed. 

[0034] Where the canola seed meal contains significant quantities of fat, as 

described in the Murray 11 patents, then the defatting steps described therein may be 
effected on the separated aqueous protein solution and on the concentrated aqueous 
protein solution. When the colour improvement step is carried out, such step may be 
effected after the first defatting step. 

[0035] As an alternative to extracting the oil seed meal with an aqueous 

food grade salt solution, such extraction may be made using water alone, although 
the utilization of water alone tends to extract less protein from the oil seed meal than 
the aqueous food grade salt solution. Where such alternative is en^loyed, then the 
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food grade salt, in the concentrations discussed above, may be added to the protein 
solution after separation from the residual oil seed meal in order to maintain the 
protein in solution during the concentration step described below. When a colour 
removal step and/or a first fat removal step is carried out, the food grade salt 
generally is added after completion of such operations. 

[0036] Another alternative procedure is to extract the oil seed meal with the 

food grade salt solution at a relatively high pH value about 6.8, generally up to about 
9.8. The pH of the food grade salt solution, may be adjusted in pH to the alkaline 
value by the use of any convenient food-grade alkali, such as aqueous sodium 
hydroxide solution. Where such altemative is employed, the aqueous phase 
resulting from the oil seed meal extraction step then is separated from the residual 
canola meal, in any convenimt manner, such as by employing vacuum filtration, 
followed by centrifugation and/or filtration to remove residual meal. The separated 
residual meal may be dried for disposal. 

[00371 Th® aqueous protein solution resulting fix>m the high pH extraction 

step tiien is pH adjusted to the range of about.5 to about 6.8, preferably about 5.3 to 
about 6.2, as discussed above, prior to fiirther processing as discussed below. Such 
pH adjustment may be effected using any convenient food grade acid, such as 
hydrochloric acid. 

[0038] The aqueous protein solution then is concentrated to increase the 

protein concentration thereof while maintaining the ionic strength thereof 
substantially constant. Such concentration is effected to provide a concentrated 
protein solution having a protein concratration of at least about 200 g/L^ preferably 
at least about 250 g/L. 

[0039] The concentration step may be effected by any convenient selective 

membrane technique, such as ultrafiltration or diafiltration, using membranes, such 
as hollow-fibre membranes or spiral-wound membranes, with a suitable molecular 
weight cut-off, such as about 3000 to about 50,000 daltons, having regard to 
dififering membrane materials and configurations. 
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[0040] The concentration step may be effected at any convenient 

temperature, generally about 20'*C to about 60'*C, and for the period of time to effect 
the desired degree of concentration. The temperature and other conditions used to 
some degree depend upon the membrane equipment used to effect the concentration 
and the desired protein concentration of the solution. 

[0041] The concentrating of the protein solution to a concentration above 

about 200 g/L in this step, significantly beyond levels previously contemplated and 
attained when employing the Murray I and Murray II processes, not only increases 
the process yield to levels above about 40 wt% in terms of the proportion of 
extracted protein which is recovered as dried protein isolate, preferably above about 
80 wt%, but also decreases the salt concentration of the final protein isolate after 
drying. The ability to control the salt concentration of the isolate is important in 
applications of the isolate where variations in salt concentrations affect the 
fimctional and sensory properties in a specific food ^iplication. 
[0042] As is well known, ultrafiltration and similar selective membrane 

techniques permit Jow molecular weight species to pass therethrough while 
preventing higher molecular weight species firom so doing. The low molecular 
weight species include not only the ionic species of the food grade salt but also low 
molecular weight materials extracted fi-om the source material, such as, 
carbohydrates, peptides, pigments and anti-nutritional factors, as well as any low 
molecular weight forms of the protein. The molecular weight cut-off of the 
membrane is usually chosen to ensure retention of a significant proportion of the 
protein in the solution, while permitting contaminants to pass through having regard 
to the different membrane materials and configurations. 

[0043] Depending on the temperature employed in the concentration step, 

the concentrated protein solution may be warmed to a temperature of at least about 
20^*0, and up to about eO^'C, preferably about 25**C to about 40*'C, to decrease the 
viscosity of the concentrated protein solution to facilitate performance of the 
subsequent dilution step and micelle formation. The concentrated protein solution 
should not be heated beyond a temperature above which the temperature of the 
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concentrated protein solution does not permit micelle formation on dilution by 
chilled water. The concentrated protein solution may be subject to a further defatting 
operation, if required, as described in Murray n. 

[0044] The concentrated protein solution resulting from the concentration 

step and optional defatting step then is diluted to effect micelle formation by adding 
the concentrated protein solution into a body of water having tiie volume required to 
achieve the degree of dilution desired. Dq?ending on the proportion of canola 
protein desired to be obtained by the micelle route and the proportion from the 
supernatant, titie degree of dilution of the concentrated protein solution may be 
varied. With higher dilution levels, in general, a greater proportion of the canola 
protein remains in the aqueous phase. 

[0045] When it is desired to provide the greatest proportion of the protein by 

the micelle route, the concentrated protein solution is diluted by about 15 fold or 
less, preferably about 10 fold or less. 

[0046] The body of water into which the concentrated protein solution is fed 

has a temperature of less than about 15**C, generally about 3**C to about IS^'C, 
preferably less than about 10°C, since improved yields of protein isolate in the form 
of protein micellar mass are attained with these colder temperatures at the dilution 
factors used. 

[0047] The dilution of the concentrated protein solution and consequential 

decrease in ionic strengtti causes the formation of a cloud-like mass of highly 
associated protein molecules in the form of discrete protein droplets in micellar 
form. The protein micelles are allowed to settte to form an aggregated, coalesced, 
dense, amorphous sticky gluten-Uke protein micellar mass. The settling may be 
assisted, such as by centrifugation. Such induced settling decreases the liquid content 
of the protein micellar mass, thereby decreasing the moisture content generally from 
about 70% by weight to about 95% by weight to a value of generally about 50% by 
weight to about 80% by weight of the total micellar mass. Decreasing the moisture 
content of the micellar mass in this way also decreases the occluded salt content of 
the micellar mass, and hence the salt content of dried isolate. 
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[0048] The combination of process parameters of concentrating of the 

protein solution to a protein content of at least about 200 g/L and the use of a 
dilution factor less than about 15, result in higher yields, often significantly higher 
yields, in terms of recovery of protein in the form of protein micellar mass firom the 
original meal extract, and much purer isolates in terms of protein content than 
achieved using any of the prior art procedures (Murray lA, IB and IT) referred to 
above. 

(00491 Th© settled isolate, in the form of an amorphous, aggregated, sticky, 

gelatinous, gluten-like protein mass, termed "protein micellar mass", or PMM, is 
separated from the residual aqueous phase or supernatant, such as by decantation of 
the residual aqueous phase firom the settled mass or by centrifiigation. The PMM 
may be used in the wet form or may be dried, by any convenient technique, such as 
spray drying, freeze drying or vacuum drum drying, to a dry form. The dry PMM 
has a high protein content, in excess of about 100 wt% protein (calculated as 
Kjeldahl Nx6.2S), and is substantially tmdenatured (as determined by differential 
scanning calorimetry). The dry PMM isolated fi^om fatty oil seed meal also has a low 
residual fat content, when the procedure of Murray II is employed, which may be 
below about 1 wt%. 

[0050] In accordance with one aspect of the invention, particularly as it is 

applied to canola protein, it has now been found that the supernatant firom the PMM 
formation and settling step contains si^ficant amounts of canola protein, not 
precipitated in the dilution step. It has not previously been proposed, in the Murray 
lA, IB and n patents, to attempt to recover additional protein firom the supernatant 
and no observation is made in this prior art as to any potential protein content of the 
supernatant. In accordance with this aspect of the invention, steps are taken to 
recover the canola protein firom the supernatant 

[0051] In such procedure, the supernatant fi-om the dilution step, foDowing 

removal of the PMM, may be concentrated to increase the protein concentration 
thereof. Such concentration is effected using any convenient selective membrane 
technique, such as ultrafiltration, using membranes with a suitable molecular weight 



3DCXI0: <WO 020B9597A1 IA> 



wo 02/089597 ^p/CA02/00650 

13 

cut-off permitting low molecular weight species, including the food grade salt and 
other non-proteinaceous low molecular weight materials extracted from the source 
material, to pass through the membrane, while retaining canola protein in the 
solution. Ultrafiltration membranes having a molecular weight cut-off of about 
3000 to 10,000 daltons having regard to differing membranes and configurations, 
may be used. Concentration of the supernatant in this way also reduces ttie volume 
of liquid required to be dried to recover flie protein, and hence the energy required 
for drying. The supernatant generally is concentrated to a protein content of about 
1 00 to 400 g/L, preferably about 200 to about 300 g/L, prior to drying. 
[0052] The concentrated supernatant may be dried by any convenient 

technique, such as spray drying, freeze drying or vacuum drum drying, to a dry form 
to provide a fiirther canola protein isolate. Such fiirther canola protein isolate has a 
high protein content, usually in excess of about 90 wt% protein (calculated as 
Kjeldahl Nx6.25) and is substantially undenatured (as determined by differential 
scannmg calorimetry). If desired, flie wet PMM may be combined with the 
concentrated supernatant prior to drying the combined protein streams by any 
convenient technique to provide a combined canola protein isolate. The combined 
canola protein isolate has a high protein content, in excess of about 90 wt% 
(calculated as Kjeldahl Nx6.25) and is substantially imdenatured (as determined by 
differential scanning calorimetry). 

[0053] In anoflier alternative procedure, a portion only of the concentrated 

supernatant may be mixed with at least part of the PMM and the resulting mixture 
dried. The remainder of the concentrated supernatant may be dried as any of the 
remainder of the PMM. Further, dried PMM and dried supernatant also may be dry 
mixed in any desired relative proportions. 

[0054] By operating m this manna:, a number of canola protein isolates may 

be recovered, in the form of dried PMM, dried supernatant and dried mixtures of 
various proportions by weight of PMM and supernatant, generally from about 5 :95 
to about 95:5 by weight, which may be desirable for attaining differing fiinctional 
and nutritional properties. 
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10055] As an alternative to dilution of the concentrated protein solution into 

chiUed water and processing of the resulting precipitate and supernatant as described 
above, protein may be recovered from the concentrated protein solution by dialyzing 
the concentrated protein solution to reduce the salt content thereof. The reduction of 
the salt content of the concentrated protein solution results in the formation of 
protein micelles in the dialysis tubing. Following dialysis, the protein micelles may 
be permitted to settle, collected and dried, as discussed above. The suponatant from 
the protein micelle settling step may be processed, as discussed above, to recover 
fiirther protein therefrom. Alternatively, the contents of the dialysis tubing may be 
directly dried. The latter alternative procedure is usefid where small laboratory scale 
quantities of protein are desired. 

DESCRIPTION OF PREFERRED EMBODIMENT 
[0056] Referring to Figure 1, there is illustrated schematically a flow sheet 

of one embodiment to the invention. Canola oil seed meal and aqueous extraction 
medium are fed by line 10 to an extraction vessel 12 wherein the oil seed meal is 
extracted and an aqueous protein solution is formed. The slurry of aqueous protein 
solution and residual oil seed meal is passed by line 14 to a vacuum filter belt 16 for 
separation of the residual oil seed meal which is removed by line 18. The aqueous 
protein solution then is passed by line 20 to a clarification operation 22 wherein the 
aqueous protein solution is centrifuged and filtered to remove fines, which are 
recovered by line 24. 

[0057] The clarified aqueous protein solution is pumped by line 26 through 

ultrafiltration membrane 28 to produce a concentrated protein solution as the 
retentate in line 30 with the permeate being recovered by line 32. The concentrated 
protein solution is passed into a precipitation vessel 34 containing cold water fed by 
line 36. Protein micellar mass formed in the precipitation vessel 34 is removed by 
line 38 and passed through a spray dryer 40 to provide dry canola protein isolate 42. 
[0058] Supernatant from the precipitation vessel 34 is removed by line 44 

and pumped through ultrafiltration membranes 46 to produce a concentrated protein 
solution as the retentate in line 48 with the peraieate being removed by line 50. The 
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concentrated protein solution is passed through a spray dryer 52 to provide further 
dry canola protein isolate 54. 

[0059] As an alternative, the concentrated protein solution in line 48 may be 

passed by line 56 to mix with the protein micellar mass before the mixture then is 
dried in spray dryer 40. 

EXAMPLES 

Example 1 : 

[0060] This Example illustrates the process of the invention. 

[0061] 'a' kg of commercial canola meal was added to 'b' L of 0.15 M NaCl 

solution at ambient temperature and agitated for 30 minutes to provide an aqueous 
protein solution having a protein content of 'c' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt. The resulting protein solution was 
clarified by centrifiigation to produce 'd' L of a clarified protein solution havmg a 
protein content of *e' g/L. 

[0062] The protein extract solution or a T L aliquot of the protein extract 

solution was reduced in volume to *g' L by concentration on an ultrafiltration sj^tem 
using *h' dalton molecular weight cut-oflf membranes. The resulting concentrated 
protein solution had a protein content of 'i' g/L. 

[0063] The concentrated solution at 'j' ""C was diluted 'k' into 4^C water. A 

white cloud of protein micelles formed immediately and was allowed to settle. The 
upper diluting water was ranoved and the precipitated, viscous, sticky mass (PMM) 
was recovered fi-om tibe bottom of the vessel hi a yield of T wt% of the extracted 
protem and dried. The dried protein was found to have a protein content of 'm' wt% 
(Nx 6.25) d,b. The product was given designation 'n'. The parameters 'a' to *n' are 
outlined in the following Table 1: 

TABLE I 



n 


a 


b 


c 


d 


e 


f 




h 


i 


j - 


k 


1 


m 


CPIA06-13 


300 


2500 


13.0 


1160 


10.5 


(1) 


13 


30000 


303 


(2) 


1:10 


(2) 


106.5 


BW-AH12-G16-01 


225 


1500 


19.6 


(2) 


17.5 


600 


30 


3000 


245 


30 


1:15 


(2) 


104.1 


BW-AIJ016-K15- 


1200 


8000 


14.9 


(2) 


10.4 


400 


40 


10000 


257 


30 


1:15 


46 


106.9 


CPI-A06-33 


300 


2000 


10.8 


1800 


8.7 


0) 


55 


30000 


217 


(2) 


1:10 


(2) 


104.3 


All-04 


300 


2000 


23.2 


1772 


21.7 


1000 


52 


30000 


240 


34 


1:15 


(2) 


107.2 



innnin-^wn npnMKiSi7A\ IA> 



wo 02/089597 PCT/CA02/00650 

16 



Notes: ( 1) All the protein extract sohitioii was concentrated 

(2) Not determined 

(3) The concentrated xetentate was diafltered with 6 volumes of 0.15 M NaCl vdule holding 
die volume at 40L prior to dilution. 

Example 2 : 

[0064] The process of Example 1 was repeated with the conditioiis of the 

procedure being varied. A number of parameters were studied. 
[0065] (a) Extraction parameters: 

The extraction parameters were varied to ascertain their effect on the 
concentration of protein solution obtained. The results are tabulated in the following 
Table H: 



TABLE n 



Extraction 
concentration 


Extraction 
Temperature 


Extraction 
Time 


Concentration of 
NaCl solution 


pH of extraction 
solution 


Protein 
concentration 


5% w/v 


13°C 


30min 


0,15 M 


6.4 


5.3 g/L 


15%w/v 


13°C 


30inin 


0.15 M 


6.2 


12.7 g/L 


15% w/v 




30 min 


0.15 M 




6.6 g/L 


15% w/v 


34°C 


30min 


0.15 M 




14.6 g/L 


15% w/v 


22*'C 


10 min 


0.15 M 


5.9 


10.5 g/L 


15% w/v 


13**C 


60 min 


0.15 M 


5.9 


10.6 g/L 


10% w/v 


15°C 


30 min 


0.15 M 




9.7 g/L 


10% w/v 


13°C 


70 min 


0.15 M 




9.3 g/L 


10% w/v 




30 min 


0.15 M 


5.3 


9.8 g/L 


10% w/v 


13*^0 . 


30 mm 


0.15 M 


6.2 


10.6 g/L 



[0066] (b) Dilution parameters: 

The dilution parameters were varied to ascertain their effect on yield 
of PMM from the dilution step. The results are tabulated in the following Table IH: 



TABLE in 



Protein Concentration 


Dilution Water Temperature 


Dflutkm Ratio 


PMMRecovoy 


206 g/L 


4°C 


1:10 


51.7% 


258 g/L 


4*»C 


1:10 


61.8% 


283 g/L 


4°C 


1:10 


42.6% 


230 g/L 




1:10 


4.5% 


249 g/L 


4°C 


1:5 


40.4% 


249 g/L 


4«>C 


1:3 


30.7% 
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Example 3 : 

[0067] This Example illustrates the effect of dilution water temperature on 

the yield of product protein isolate. 

[0068] 1200 kg of commercial canola meal was added to 8000 L of 0.15 M 

NaCl solution at ambient temperature and agitated 30 minutes to provide an 
aqueous protein solution having a protein content of 17.4 g/L, The residual canola 
meal was removed and washed on a vacuum filter belt. The resulting protein 
solution was clarified by centrifiigation to produce 7464 L of a clarified protein 
solution having a protein content of 14.8 g/L 

[0069] The protein extract solution was reduced in volimae by concentration 

on an xiltrafiltration system utilizing 3,000 dalton membranes. The resulting 
concentrated protein solution had a protein content of 230 g/L. 
[0070] A 50 ml aliquot of the concentrated solution was warmed to 30^C 

then diluted 1:10 into 15''C tap water. A slight white cloud of very small micelles 
formed and was allowed to settle. The upper diluting water was removed leaving a 
very small amount of precipitate. The precipitate only represented 4.5 wt% of the 
protein in the 50 ml aliquot of the concentrated solution instead of a typical 50 wt% 
recovery achieved when diluted into 4^C tap water. The 50 ml aliquot was taken 
fi-om the batch with the designation BW-AH012-H14-01A. The data fi-om this 
Example are also presented in Table IH above with respect to the dilution ratio. 
Example 4 : 

[0071] This Example shows the effect of temperature of concentrated 

solution on dilution yield 

[0072] 1200 kg of commercial canola oil seed meal was added to 8000 L of 

0.15 M NaCl solution at ambient temperature and agitated for 30 minutes at IS'^C to 
provide an aqueous protein solution having a protein content of 'a' g/L. The residual 
canola meal was removed and washed on a vacuum filter belt. The resulting protein 
solution was clarified by centrifiigation to produce a clarified solution having a 
protein content of 'b' g/L. 
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[0073] The clarified protein solution or a 'c' aliquot of tiie protein extract 

solution was reduced in volume to *d* L on a ultrafiltration system using a 'e' dalton 
molecular weight cut-off membrane. The resulting concentrated protein solution had 
a protein content of T g/L, The lots were given designation 
[0074] The parameter 'a' to 'g' are given in the following Table IV: 

TABLE IV 





BW-AL011-J16-01A 


BW-AL017-D11-02A 


a 


24.4 


26.3 


b 


20.3 


18.0 


0 


(n 


2000 


d 




152 


e 


3000 


5000 


f 


287 


285.9 



Note: (1) All the protein extract solution v^s concentrated. 



[0075] 50 ml retentate aliquots of lot BW-ALOl 1-J16-01A were wanned to 

30®C and 60°C before being diluted 1:10 into 4'*C water. In each case, a white cloud 
of protein micelles formed immediately and was allowed to settle. The upper 
diluting water was removed and the precipitated, viscous, sticky mass (PMM) was 
dried. The PMM was recovered fix)m each experiment and the yield of the dilution 
step was calcidated. In the case of the retentate temperature being 30°C, the protein 
recovery was 57.1 wt%, while for eO'^C, the yield was 23.7 wt%. 
[0076] 5 ml retentate aliquots of lot BW-AL017-D1 1-02A were wanned to 

various temperatures between 30°C and 6QI^C and thai diluted at dilution ratio of 
1:10 or 1:15 into 4*'C water. Li each case, a white cloud of protein micelles formed 
immediately and was allowed to settle. The i^per diluting water was removed and 
the precipitated, viscous, sticky mass (PMM) was dried. The PMM was recovered 
from each experiment and the yield of the dilution step was calculated. The results 
obtained appear in the following Table V: 
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TABLE V 



Retentate Temperature 


Dilvition Ratio 


PMM Yield 


30°C 


1:10 


49% 


40°C 


1:10 


49 


50°C 


1:10 


47 


60°C 


1:10 


35 


30°C 


1:15 


51 


40°C 


1:15 


51 


50»C 


1:15 


39 


60°C 


1:15 


39 



[0077] As may be seen from this Table, higher yields are obtained at 

moderately elevated temperatures while higher elevated temperatm-es tend to reduce 
yields. 

Example 5 : 

[0078] This Example illustrates the preparation of further canola protein 

isolates using various combinations of parameters and additionally including 
treatment with powdered activated carbon. 

[0079] ' a' kg of commercial canola meal was added to *b' L of 0. 15 M NaCl 

solution at ambient temperature and agitated *c' minutes to provide an aqueoxis 
protein solution having a protein content of *d' g/L. The residxial canola meal was 
removed and washed on a vacuum filter belt The resulting protem solution was 
clarified by centrifugation to produce a clarified protein solution having a protein 
cont^t of 'e' g/L. 

[0080] T wt% powdered Activated Caibon (PAC) was added to the 

clarified solution. The suspension was mixed for 15 minutes, following which the 
PAC was removed by filtration, resultmg in 'g' L of a 'h' g/L extract. 
[0081] A *i' L aliquot of the protein extract solution from the PAC treatmrat 

step was reduced in volume to 'j' L on an ultrafiltration system using a 30,000 
dalton molecular weight cut-ofif membrane. The resulting concentrated protein 
solution had a protein content of *k' g/L. 

[0082] The concentrated solution at '1' ""C was diluted 1: 'm' into 4^0 tap 

water. A white cloud formed immediately and was allowed to settle. The uppCT 
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diluting water was removed and the precipitated, viscous, sticky mass was dried. 
The dried protein which was fomied had a protein content of *n' wt% protein 
(Nx6.25 d,bO. The overall protein recovery i.e. the average of dried protein isolate 
expressed as a percentage of the protein solubilized in the extraction step, was *o' 
wt%. The product was given designation CPI *p' . 

[0083] The specific parameters "a" to *y for these different samples of 

protein product are set forth in the following Table VI: 



TABLE VI 





a 


b 


c 


d 


e 


f 


g _ 


h 


i 


j 


k 


1 


m 


n 


o 


A07-15 


150 


1000 


30 


14.0 


13.1 


2 


700 


8.9 


460 


21 


246 


30 


10 


103,5 


44 


A07-22 


150 


lOOO 


120 


13.0 


12.3 


4 


800 


8.2 


800 


9 


490 


20 


5 


106.9 


0) 


A08-O2 


300 


2000 


300 


14.0 


14.5 


0.06 


1300 


13,8 


480 


6 


421 


25 


5 


105.8 


0) 


AlO-13 


300 


2000 


45 


28.6 


24.9 


2 


2150 


22.7 


1000 


80 


176 


20 


10 


109.2 


a) 



Note: (1) not determined. 



[0084] The effect of the addition of powdered activated carbon on colour of 

canola protein isolate is shown in Example 7 below. 
Example 6 : 

[0085] This Example illustrates an embodiment of the invention, wherein 

water was used in the extraction stage and salt was subsequently added. 
[0086] 150 kg of commercial canola meal was added to 1000 L of water at 

13^C, agitated for 30 minutes resulting in a protein solution with a concentration of 
4.5 g/L. The residual canola meal was removed and washed on a vacuum filter belt 
The aqueous protein solution was clarified by centriiugation producing 1 100 L of a 
3.8 g/L extract. 

[0087] Powdered activated carbon (PAC) was precoated on filter pads 

before the clarified solution was filtered producing 1000 L of a 3.2 g/L extract. 
[0088] Sodium chloride was added to the latter protein solution to a 

concentration of 0.1 5M. The volume of the protein solution was reduced to 10 L on 
an ultrafiltration system using 30,000 dalton membranes. The concentrated solution 
had a protein content of 292 g/L. An aliquot of the concentrated protein solution 
was warmed to 30^C. prior to dilution 1 :3 into 4^C water. 
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[0089] A white cloud formed immediately and was allowed to settle. The 

upper diluting water was removed and the precipitated, viscous, sticky mass (PMM) 
was dried. The dried canola protein isolate, given identification CPI A07-18, had a 
protein content of 96 wt% protein CNx6.25). The recovery of protein was 59 wt% of 
the protein originally extracted. 

Example 7 : 

[0090] This Example provides a comparison of the colour of certain canola 

protein isolates produced herein in comparison to spray dried egg white, 
conventional soy protein isolate and products produced according to Murray n. 
[0091] Samples of protein isolate were evaluated for lightness (L) and 

chromaticity (a and b) using a Minolta colourimeter. hi the L a b colour space, the 
value moves firom 0 to 100, with 100 being white and 0 being black. The 
chromaticity coordinates, a and b, both have maximum values of + 60 and -60, +a 
being ttie red direction, -a being the green direction, +b being the yellow direction 
and -b being the blue direction. 

[0092] The following Table Vn sets forth the results obtained: 

TABLE Vn 



Sample 


L 


a 


b 


Comments 


Effi White 


90.34 


-2.73 


21.43 




Soy Protein Isolate 


85.10 


-0.906 


14.67 


The a and b values are not as close to 
egg white as PAC treated CPI 


CPIA07-15 
(Example 5) 


82.77 


-2.13 


22.98 


NaCl extraction with high (2%) PAC 


CPIA07-18 
(Example 6) 


82.80 


-2.69 


25.19 


Water extraction with PAC 


CPIA06-33 
(Example 1) 


75.60 


0.404 


26.51 


NaCl extraction without PAC 


CPIA08-02 
(Example 5) 


80.04 


-2.87 


23.37 


NaCl extraction with low (0.06%) PAC 


MuirayU 


65.81 


0.962 


18.27 


Relatively dark product 



[0093] The results set forth in Table Vn show the beneficial effect on 

colour, namely more white, less yellow, by the use of powdered activated caifoon. 
Example 8 : 

10094] This Example illustrates the preparation of further canola protein 

isolate including protein recovered from supematant. 



wo 02/089597 




PCT/CA02/00650 



[00951 *a' kg of commercial canola meal was added to L of 0.1 5 M NaCI 

solution at ambient temperature and agitated for 30 minutes to provide an aqueous 
protein solution having a protein content of *c' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt The resulthig protein solution was 
clarified by centrifiigation to produce a clarified protein solution having a protein 
content of 'd' g/L followed by the addition of 1 wt% Powdered Activated Carbon 
(PAC). 

[0096] The suspension was mixed for 15 minutes, following which the PAC 

was removed by filtration, resulting in *e' L of a T g/L extract. 
[00971 A 'g' L aUquot of the protein extract solution fi-om the PAC 

treatment step was reduced in volume to 'h* L on an ultrafiltration system using 
30,000 dalton molecular weight cut-off membranes. The resulting concentrated 
protein solution had a protein content of 'i' g/L. 

[0098] The concentrated solution at *j' **C was diluted 1 : 'k' uito 4**C water, 

A white cloud formed immediately and was allowed to settle. The upper diluting 
water was removed and was reduced in volume by ultrafiltration using 3000 dalton 
molecular weight cut-off membranes by a volume reduction factor of *r. The 
concentrate was added to the precipitated, viscous, sticky mass and the mixture was 
dried. The dried protein mixture which was formed had a protein content of 'm' 
wt% of protein (Nx6.25). The product was given designation CPI 'n'. 
[0099] The specific parameters *a' to 'n* for two different samples of protein 

product are set forfli in tihe following Table VUI: 



TABLE Vin 



n 


a 


b 


c 


d 


e 


f 


g 


h 


i 


j 


k 


1 


m 


AlO-04 


300 


2000 


28.4 


27.6 


1330 


16.3 


200 


18 


186 


28 


10 


11 


100.3 


AlO-05 


300 


2000 


27.7 


21.9 


1320 


21.9 


300 


20 


267 


27 


15 


21 


102.3 



Example 9 : 

[00100] This Example fiirther illustrates the preparation of fijrther canola 

protein isolate including protein recovered firom supernatant without PAC treatment 
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[001011 *a' kg of canola meal was added to 'b* L of 0.15 M NaCl solution at 

a temperature of 20°C and agitated for 30 minutes to provide an aqueous protein 
solution having a protein content of 'c' g/L. The resulting canola meal was removed 
and washed on a vacuum filter belt. The resulting protein solution was clarified by 
centrifugation and filtration to produce a clarified protein solution having a protein 
contentof 'd' g/L. 

(00102] The protein extract solution or a *e' L aliquot of the protein extract 

solution was reduced in volume on an ultrafiltration system using membranes 
having a molecular weight cut-off of T daltons. The resulting concentrated protein 
solution had a protein content of * g' g/L. 

(00103] The concentrated solution at 'h' was diluted 'i' into "j' °C water. 
A white cloud immediately formed and was allowed to settle. The upper diluting 
water was removed and concentrated by ultrafiltration using 3000 dalton molecular 
weight cut-off membranes to provide a concentrated siqjematant having a protein 
content of *k' g/L. The concentrate was added to the precipitated, viscous, sticky 
mass and the mixture dried. 

[00104] The dried protein mixture was found to have a protein content of T 

wt% (Nx6.25). The yield of canola protein isolate fi-om the protein solution extraict 
was *m' wt%. The product was given designation 'n'. 

[00105] The specific parameters *a" to 'n' for two different sanq)les of 
protem product are set forth in the following Table IX: 



TABLE IX 



n 


BW-ALl 1-121-01 A 


All-01 


a 


1200 


300 


b 


8000 


2000 


c 


24.5 


23.7 


d 


17.8 


20.7 


e 


m 


400 


f 


3000 


30,000 




284.7 


200.2 


h 


31 


32 


i 


1:10 


1:15 


1 


8 


4 


k 


279.0 


104.7 


1 


100.2 


102.8 


m 


68.1 


(2) 
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Note: (1) All the protein extract solution was concentrated 
(2) not determined 

Example 10 : 

[00106] This Example illustrates extraction of the canola protein meal at a 

relatively high pH and recovery of protein from supernatant. 

[00107] 150 kg of commercial canola meal was added to 2000 L of 0.15 M 

NaCl having a pH adjusted to 9.5 by the addition of sodium hydroxide at ambient 
temperature, agitated for 30 minutes to provide an aqueous protein solution having a 
protein content of 13.2 g/L. The residual canola meal was clarified by centtifugation 
and filtration to produce 1210 L of a clarified protein solution having a protein 
content of 12.1 g/L. 

[00108] The pH of the clarified protein solution was adjusted to 6.2 by the 

addition of hydrochloric acid. A 900 L aliquot of the protein extract solution was 
reduced ra volume to 50 L by concentration on an ultrafiltration system using 3000 
dalton molecular weight cut-off membranes. The resulting concentrated protein 
solution had a protein content of 276.2 g/L. 

[00109] The concentrated solution at 30 ""C was diluted 1:15 into 4°C water. 

A white cloud formed immediately and was allowed to settle. The vpper diluting 
water was removed and 390 L of tibis supernatant were concentrated by 24 L by 
ultrafiltration using 3000 dalton molecular weight cut-off membranes to provide a 
concentrated supernatant having a protein content of 149.0 g/L. The concentrate was 
added to the precipitated, viscous, sticky mass and the mixture dried. 
[00110] The dried protein mixture was found to have a protein content of 

103.3 wt% (Nx 6.25). The yield of canola protein isolate firom flie protein solution 
extract was 48.3 wt%. The product was given designation BW-AL017-D08-02A. 
Example 1 1 : 

[00111] This Example illustrates the preparation of canola protein isolate by 

processing of supernatant. 

[001 12] *a' kg of commercial canola meal was added to 'b' L of 0. 1 5 M NaCl 

solution at ambient temperature and agitated for 30 miautes to provide an aqueous 
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protein solution having a protein content of 'c' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt. The resulting protein solution was 
clarified by centrifiigation to produce a clarified protein solution having a protein 
content of *d' g/L. 

[00113] The clarified protein solution was reduced in volume on an 
ultrafiltration system using 3,000 dalton molecular weigjit cut-ojff membranes. The 
resulting concentrated solution had a protein content of 'e' g^. 
[00114] The concentrated solution at T "^C was diluted 'g' into 4'*C wat», A 

white cloud formed immediately and was allowed to settle. The upper diluting water 
was removed and the precipitated, viscous, sticky mass (PMM) was recovered from 
the bottom of the vessel and dried. The dried protein was found to have protein 
content of *k' wt% (Nx6.25) d.b. 

[00115] The removed upper diluting water was reduced in volimie by 

xiltrafiltration using 3,000 dalton molecular weight cut-oflF mraibranes to a protein 
concentration of *i' g/L. The concentrate theai was dried. ITie dried protein which 
was formed had a protein content of 'j' wt% (Nx6.25). The product was given 
designation *r. 

[00116] The specific parameters *a' to T for two different samples of protein 

product are set forth in the following Table X: 

TABLE X 



1 


AL016-J24 


AL011-J16-01A 


a 


1200 


1200 


b 


8000 


8000 


c 


22.7 


24.4 


d 


16.9 


20.3 


e 


281 


287 


f 


37 


28 


g 


1:10 


1:10 


h 


f2) 


101.9 


1 


(3) 


265 


-i 


103.9 


101.5 


k 


(2) 


101.6 



Note: (1) All the protein extract solution was concentrated 

(2) Not determined 

(3) The supernatant was concentrated by a volume reduction &ctor of 16. 
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Example 12 : 

[001 1 71 Hiis Example illustrates application of the process of the invention to 

cold pressed canola meal and the recovery of additional protein firam the 
supernatant. 

[00118] 50 kg of canola meal was pressed and 13 L of oil recovered. 30 kg of 

the resulting crushed meal was added to 300 L of 0.15M NaCl solution at 20°C and 
the mixture was agitated for 40 minutes, followed by a thirty minute settling period. 
200 L of aqueous protein solution were obtained having a protein content of 19.5 
mg/ml. 

[00119] The aqueous protein solution was chilled to 4^C and refrigerated at 

that temperature for 16 hours, to permit fat present in the meal and extracted in the 
extraction step, to separate, according to the procedure of Murray n. The resulting 
fat layer was removed from the surface of the aqueous protein solution. The 
remaining aqueous protein solution was filtered through a filter press having a 20 
^im filter pad to remove remaining particles of hull and cell wall material as well as 
residual particles of fat. 200 L of filtrate with a protein content of 14.6 mg/ml were 
obtained. 

[00120] The aqueous protein solution was reduced in volume to 10.5 L by 

concentration on an vdtrafiltration system using 10,000 dalton molecular weight cut- 
off membranes. The resulting concentrated protein solution had a protein content of 
200 g/L, which represented a yield of 67 wt% of the protein originally extracted 
from the canola meal. The resulting 10.5 L solution was again chilled to 4^*0 and 
refrigerated at this temperature for 16 hours. The solution was then centrifixged at 
10,000 xg for five minutes and the sq)arated fat removed from the conc^trated 
protein solution. 

[00121] The protein solution was wanned to 30°C and was added to water at 

4^C at a dilution ratio of 1:9. Following overnight settling, 85 L of supernatant was 
decanted leaving approximately 9 L of precipitated, viscous, sticky rmss (PMM). 
The PMM was further concentrated by centrifugation at 10,000 xg for 5 minutes and 
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an aliquot of the centrifuged PMM was freeze dried to determine its protein content. 
The freeze dried PMM was found to have a protein content of 105.5 wt% (Nx6.25). 
[00122] The supernatant from the PMM fonnation step was concentrated to 
IIL by concentration on a ultrafiltration system using 10,000 dalton molecular 
weight cut-ofF membranes. This latter concentrated solution had a protein 
concentration of 89.7 mg/ml. An ahquot of this concentrated solution was freeze 
dried to determine the protein content. The freeze-dried protein was found to have a 
protein content of 101.7 wt% (Nx6.25). 

[00123] The overall yield of protein as PMM and recovered from the 

supernatant from the protem extracted from the canola meal was 50 wt%. 
Example 13 : 

[00124] This Example illustrates appUcation of the process of the invention to 

high erucic acid rapeseed. 

[00125] 35 kg of conraiercial high erucic acid rapeseed meal was added to 

350 L of 0.3 M NaCl solution (10% w/v) at 15°C and agitated for one hour to 
provide an aqueous protein solution having a protein content of 7.71 g/L. A second 
run under the same conditions produced an aqueous protein solution havmg a 
protein content of 7.36 &(L. The extract solutions were decanted and clarified by 
filtration through 20 |4m filter pads to remove residual meal and to provide a total 
filtrate voliune of 550 L. 

[00126] The filtrate then was concentrated to 9 L using a hollow fibre 

ultrafiltration system having 10,000 dalton molecular cut-off membranes. The 
resultant concentrated protein solution had a protein content of 232 g/L, 
[00127] The concentrated protein solution, at a temperature of 30^C, was then 

diluted 1:9 into 4*^0 water. A white cloud immediately formed and was allowed to 
settle for 16 hours at 4*'C. 80 L of supernatant was decanted and was reduced in 
volume by diafiltration concentration to a volume of 7 L of concentrated si5)ematant 
having a protein content of 47.7 g/L. 

[00128] The settled viscous sticky mass (PMM) was collected and fi^e^e 

dried. A one litre portion of the concentrated supernatant was freeze dried. 1393 g of 
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freeze dried PMM was obtained from the process having a protein content of 106 
wt% (Nx6.25). 1 L of freeze-diied concentrated supernatant yielded 67 g, so that the 
7 L of concentrated supernatant contained 469 g of dried protein, for an overall 
protein yield from the protein extracted from the oil seed meal of 47 wt%. The 
freeze-dried concentrated supernatant had a protein content of 83 wt% (Nx6-25) so 
ttiat a mixture of PMM and protein from concentrated supernatant has a protein 
content of 1 02 wt% (Nx6.25) on a dry weight basis. 
Example 14 : 

[001291 This Example illustrates apphcation of the invention to mustard seed. 

[00130] 75 g of commercial mustard seed meal was added to 750 ml of 0.15 
M NaCl solution (15% w/w) at 20''C and agitated for 30 minutes. The extraction 
slurry was centriftiged at 10,000 xg for 10 minutes to sqjarate the spent meal from 
the extracted protein. The resulting 500 ml of protein solution having a protem 
content of 18.05 mg/ml was then filtered througji Whatman #4 filters in order to 
ftirther clarify the solution. 

[00131] The clarified solution was concentrated to 27 ml on a MilUpore mini- 

ultrafiltration stirred cell system using 10,000 molecular weight cut-off membranes. 
The resulting concentrated protein solution had a protein concentration of 218 g/L. 
[00132] 22.2 ml of the total 27 ml of concentrated protein solution, at a 
temperature of SO^'C, was then diluted 1:9 into 4^*0 tap water. A white cloud 
mmiediately formed and was allowed to setfle for 16 hours at 4'*C. 200 ml of 
supernatant was decanted. 

[00133] The settled viscous, sticky mass (PMM) was collected and 

centriftiged at 10,000 xg for 5 minutes to reduce the moisture content of the peUet, 
which then was freeze dried. 4.48 g of freeze-dried pellet was obtained, representing 
a yield of protein in flie freeze-dried pellet from the protein in the protein extracted 
from the oil seed meal was 50 wt% (if the entire 27 ml of retentate had been diluted, 
the final yield is extrapolated to be approximately 60 wt%). The fireeze-dried PMM 
obtained from the process had a protein content of 103 wt% (Nx 6.25). 
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Example 15 : 

[00134] This Example illustrates application of the process of the invention 

to non-GMO canola. 

[00135] 450 g of non-'GMO canola meal was added to 3 L of 0.15 M NaCl 
solution (15% w/w) at 20*'C and agitated for 30 minutes to provide an aqueous 
protein solution having a protein content of 8.08 g/L. The mixture was allowed to 
stand for 30 minutes to permit residual meal and protein solution to separate. TTie 
protein solution was decanted, centrifuged for 10 minutes at 10,000 xg and filtered 
through Whatman #4 filter paper to further clarify the solution. 
[00136] The filtrate then was concentrated to a volume of 17 ml using a 

hollow fibre ultrafiltration systan having 10,000 dalton molecular cut-off 
membranes. The resultant concentrated protein solution has a protein content of 205 

[00137] A 14 ml sample of the reteatate, at a temperature of 30°C, was then 
diluted 1:9 into 4°C tap water. A white cloud immediately formed and was allowed 
to setfle. The supernatant was decanted and the settled viscous sticky mass (PMM) 
was collected and fireeze-dried. 2.3 g of freeze-dried PMM was obtained from the 
process having a protein content of 103 wt% (Nx 6.25). 

[00138] The overall yield of protem with respect to the protein extract from 
the oil seed meal was 41 wt%. If the entire 17 ml of retentate had been diluted 
approximately 2.66 g of dried protein would have been recovered for a yield of 46 
wt%. 

Example 16 : 

[00139] This Example illusttat^ recovery of canola protein isol^ by a 
dialysis procedure. 

[00140] 'a' kg of commercial canola meal was added to 'b' L of 0. 1 5 M NaCl 

solution at ambient temperature and agitated for 30 minutes to provide an aqueous 
piotem solution having a protein content of 'c' g/L. The residual canola meal was 
removed and washed on a vacuum filter belt The resulting protein solution was 
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clarified by centrifugation to produce 'd' L of a clarified protein solution having a 
protein content of *e* g/L. 

[00141] A T aliquot of the protein extract solution was reduced in volume to 

*g' L by concentration on an ultrafiltration system using *h' dalton molecular weight 
cut-off membranes. The resulting concentrated solution had a protein content of 'i* 
g/L. The retentate was given designation 'j'. The parameters 'a' to 'j' are outlined in 
the following Table XI: 



TABLE XI 



-i 


BW-AL017-D17-02A 


BW-AL017-D22-02A 


a 


150 


150 


b 


1004 


1003 


c 


25.1 


27.1 


d 


1080 


1132 


e 


18.0 


16.5 


f 


710 


1092 




22.5 


31.5 


h 


5000 


5000 


i 


291.6 


362.5 



[00142] 3.5 L of retentate from BW-AL017-D17-02A was dialyzed in 120 L 

of 4'*C water. The water was changed daily for several days and running water was 
used for the last two days. The conductivity of the retentate dropped from 6.89 
milUsiemens (ms) to 0.32 ms. As the conductivity dropped, micelles began to form 
in the retentate. At the completion of the dialysis, a large amount of PMM was 
present at the bottom of each dialysis tube. The PMM was recovered and dried. The 
canola protein isolate had a protein content of 103.0 wt% d.b. 
[00143] The procedure was repeated with the retentate BW-AL017-D22-02A 

except that the dialysis was carried out in 60*^0 water. As the conductivity decreased, 
the solution became cloudy but very little micelle formation occurred. Once the 
dialyzed solution was cooled to 10°C, micelle formation occurred. The resulting 
PMM, when dried, had a protein content of 106 wt% of d.b. 

SUMARY OF DISCLOSURE 
[00144] In summary of this disclosure, the present invention provides a novel 

procedure for isolating protein from oil seeds in improved yields and protein content 
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than has previously been achieved. Modifications are possible within the scope of 
this invention. 
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CLAIMS 

What we claim is: 

1 . A process of prepaiing a protein isolate, which comprises: 

(a) extracting an oil seed meal at a temperature of at least about 5**C to 
cause solubilization of proteiu in said oil seed meal and to form an 
aqueous protein solution having a protein content of about 5 to about 
30 g/L and a pH of about 5 to about 6.8, 

(b) separating the aqueous protein solution from residual oil seed meal, 

(c) increasing flie protein concentration of said aqueous protein solution 
to at least about 200 g/L while maintaining the ionic strength 
substantially constant by using a selective membrane technique to 
provide a concentrated protein solution, 

(d) diluting said concentrated protein solution into chiUed water having a 
temperature below about 15**C to cause the formation of protein 
micelles, 

(e) settling the protein micelles to form an amorphous, sticky, 
gelatinous, gluten-like micellar mass, and 

(f) recovering the protein micellar mass from supernatant having a 
protein content of at least about 100 wt% as detCTuined by Kjeldahl 
nitrogen x 6.25 on a dry weigjit basis. 

2. The process of claim 1 wherein said extracting of said oil seed meal is 
effected using an aqueous food grade salt solution having an ionic strength of at least 
about 0,10 and apH of about 5 to about 6.8. 

3. The process of claim 2 wherein said food grade salt solution has an ionic 
strength of about 0.15 to about 0.6. 

4. The process of claim 2 wherein said food grade salt solution has a pH of 
about 5.3 to about 6.2. 

5. The process of claim 2 wherein said extracting of said oil seed meal is 
effected with agitation of said aqueous food grade salt solution for about 10 to about 
30 minutes. 
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6. The process of claim 5 wherein the concentration of oil seed meal in said 
aqueous food grade salt solution during said extracting step is about 5 to about 15% 
w/w. 

7. The process of claim 2 wherein said aqueous protein solution resulting from 
the extraction step has a concentrate of about 10 to about 25 g/L. 

8. The process of claim 1 wherein said extracting of said oil seed meal is 
effected using an aqueous food grade salt solution having an ionic strength of at least 
about 0.10 and a pH of about 6.8 to about 9.8 and, following said separation of the 
aqueous protein solution from residual oil seed meal, the pH of the aqueous protein 
solution is adjusted to a pH of about 5 to about 6.8. 

9. The process of claim 8 wherein said food grade salt solution has a ionic 
strength of about 0.15 to about 0.6. 

10. The process of claim 8 wherein the pH of the aqueous protem solution is 
adjusted to a pH of 5.3 to about 6.2. 

11. The process of claim 1 wherein said oil seed meal is canola oil seed meal 
and, foUowiag said separatrag of the aqueous protein solution from the residual 
canola seed meal, the aqueous protein solution is subjected to a pigment rraioval 
step. 

12. The process of claim 11 wherein said pigment removal step is effected by 
diafiltration of the aqueous protein solution. 

13. The process of claim 11 wherein said pigment removal step is effected by 
mixing a pigment adsorbing agent with the aqueous protein solution and 
subsequently removing the pigment adsorbing agent fix>m the aqueous protein 
solution. 

14. The process of claim 13 wherein the pigment adsorbing agent is powdered 
activated carbon. 

15. The process of claim 1 wherein said oil seed meal is extracted by water and 
subsequent thereto food grade salt is added to the resulting aqueous protein solution 
to provide an aqueous protein solution having an ionic strengfli of at least about 
0.10. 
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16. The process of claim 1 wherein said concentration step is effected by 
ultrafiltration at a temperature of about 20°C to about 60°C to produce a 
concentrated protein solution having a protein content of at least about 250 g/L. 

17. The process of claim 1 wherein said concentrated protein solution is warmed 
to a temperature of at least about 20^C to decrease the viscosity of the concentrated 
protein solution but not beyond a temperature above which the temperature of the 
concentrated protein solution does not permit micelle formation upon dilution. 

18. The process of claim 17 wherein said concentrated protein solution is 
wanned to a temperature of about 25^C to about 40'*C. 

19. The process of claim 1 wherein said concentrated protein solution is diluted 
by about 15 fold or less by adding the concentrated protein solution into a body of 
water having the volume required to achieve the desired degree of dilution. 

20. The process of claim 1 9 wherein said body of water has a temperature of less 
than about lO^C 

21 . The process of claim 20 wherein said concentrated protein solution is diluted 
by about 10 fold or less. 

22. The process of claim 1 wherein the recovered protein micellar mass is dried 
to a proteinaceous powder. 

23. The process of claim 1 wherein said oil seed meal is canola seed meal and, 
followmg recovering of the protein micellar mass therefrom, the supernatant is 
processed to recover additional quantities of protein isolate therefrom. 

24. The process of claim 23 wherein said additional quantities of protein isolate 
are recovered from the supernatant by concentrating the supernatant to a protein 
concentration of about 100 to about 400 g/L, preferably about 200 to about 300 g/L, 
and drying the concentrated supernatant. 

25. The process of claim 23 wherein said additional quantities of protein isolate 
are recovered from the supernatant by concentrating the supernatant to a protein 
concentration of about 100 to about 400 g/L, preferably about 200 to about 300 g/L, 
mbdng the concentrated supernatant witti the recovered protein micellar mass, and 
drying the imxture. 
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26. The process ofclaim 23 wherein said additional quantities of protein isoM 
are recovered from the supernatant by concentrating the supernatant to a protein 
concentration of about 100 to about 400 g/L, preferably about 200 to about 300 g/L, 
mixing a portion of said concentrated supernatant with at least a portion of the 
recovered protein micellar mass, and drying the resulting mixture. 

27. The process of claim 26 wherein the remainder of the concentrated 
supernatant is dried and any remaioder of the recovered protein micellar mass is 
dried. 

28. The process of claim 1 wherein, as an alternative to said diluting, settling and 
recovering steps, the concentrated protein solution is dialyzed to reduce the salt 
content thereof and to cause the formation of protein micelles, and recovering a 
protein isolate from the dialyzed concentrated protein solution having a protein 
content of at least about 100 wt% as determined by Kjeldahl nitrogen x6.25 on a dry 
weight basis. 

29. The process of claim 28 wherein said protein isolate recovery is effected by 
drying the dialyzed concentrated protein solution. 

30. The process of claim 1 wherein said oil seed meal is canola oil seed meal. 

31. The process of claim 30 wherein the canola oil seed meal is cold pressed 
canola oil seed meal. 

32. The process of claim 30 wherein the canola oil seed meal is derived from a 
non-genetically modified canola oil seed. 

33. The process of claim 1 wherein the oil seed meal is rapeseed meal. 

34. The process of claim 1 wherein said oil seed meal is mustard seed meal. 

35. A canola protein isolate having a protein content of at least about 90 wt% as 
determined by Kjeldahl nitrogen x6.25 on a dry weight basis produced by the 

method of claim 24. 

36. A canola protein isolate havmg a protein content of at least about 90 wt% as 
determined by Kjeldahl nitrogen x6.25 on a dry weigjit basis produced by the 
method of claim 25. 
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37. A canola protein isolate having a protein content of at least about 90 wt% as 
determined by Kjeldahl nitrogen x6.25 on a dry weight basis produced from the 
supernatant by the method of claim 26. 

38. A canola protein isolate having a protein content of at least about 90 wt% as 
determined by Kjeldahl nitrogen x6.25 on a diy weight basis produced by the 
method of claim 29. 

39. A process for preparing a canola protem isolate of reduced pigmentation, 
which comprises: 

(a) extracting canola oil seed meal at a temperature of at least 5*^C to 
cause solubiUzation of protein in said canola oil seed meal and to form an 
aqueous protein solution having a protein content of about 5 to about 25 g/L 
and a pH of about 5 to about 6.8, 

(b) separating the aqueous protein solution from residual canola oil seed 
meal, 

(c) subjecting the aqueous protein sohition to a pigment removal step, 

(d) increasing the protein concentration of said aqueous protdn solution 
to at least about 200 g/L while maintaining the ionic strength substantially 
constant by using a selective membrane technique to provide a concentrated 
protein solution, 

(e) diluting said concentrated protein solution into chilled water having a 
temperature below about 15^C to cause the formation of protein micelles, 

(f) settling the protein micelles to form an amorphous, sticky, 
gelatinous, gjuten-like micellar mass, and 

(g) recovering the protein micellar mass from siq)ematant having a 
protein content of at least about 90 wt% as determined by Kjeldahl nitrogen 
x6.25 on a dry vv^eight basis. 

40. The method of claim 39 wherein said pigment removal step is effected by 
diafiltration of the aqueous protein solution. 

41. The metiiod of claim 39 wherein said pigment removal step is effected by 
mixing a pigment adsorbing agent with the aqueous protein solution and 
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subsequently removing the pigment adsorbing agent from the aqueous protein 
solution. 

42. The method of claim 41 wherein said pigment adsorbing agent is powdered 
activated caibon. 
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Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



JLa LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 



□ COLOR OR BLACK AND WHITE PHOTGGR^iPHS . 




□ GRAY SCALE DOCUMENTS 
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